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This doctoral thesis highlights epidemiological, anatomical, diagnostic, clinical and broad 
biomedical aspects of the permanent maxillary molars (PMMs) with a supernumerary palatal root 
(SPR). In the first study, we examined the external morphology of 44 PMM (18 second and 26 
third PMMs) with SPR and a reference sample of 44 PMMs with one palatal root from the 
collection of extracted teeth. The same teeth were also analysed for the internal morphology after 
they were scanned using the cone-beam computed tomography (CBCT). In the second study, we 
performed a retrospective clinical study on the CBCT scans of the upper jaws belonging to 1173 
patients. In the third study, we retrospectively analysed 15 clinical cases of patients who had a total 
of 17 PMMs with a SPR. 
The results of our studies contradict a widespread belief that the SPRs, as well as other 
supernumerary roots (SNRs) on PMMs, are very rare. Based on our results from the retrospectively 
analysed clinical CBCT scans, we can expect that on average every 19th patient visiting the dental 
office has at least one PMM with a SNR (5.29% of patients). Our study on extracted teeth and 
CBCT scans confirmed the literature data that SPR only rarely develops on the first PMM (0.2% 
of teeth); however, with increasing frequency on the second (1.3% of teeth) and the third (2.7% of 
teeth) PMM. We can, therefore, expect to find PMMs with SPR more often on the second PMM 
during endodontic treatment, and more often on the third PMM during the tooth extraction. The 
similarity of our results with previously reported frequencies ascertains that the prevalence of SPR 
is similar among different ethnic groups. The absence of gender differences established in our study 
is also in agreement with the previous findings. 
Clinically, the early identification of SPR is crucial for successful endodontic, periodontal, and 
surgical treatment. However, the SPR can be difficult to identify from periapical radiographs as 
palatal and buccal roots often overlap. During the routine dental examination, this root constellation 
might be predicted mainly by observing the external tooth morphology during the clinical 
examination; however, until now this has not been empirically tested. We demonstrated that it is 
possible to differentiate PMMs with SPR from those with one palatal root by observing specific 
morphological traits on the palatal aspect of the tooth. These distinguishing morphological traits 
include crown wider on the palatal half, double Carabelli cusp, pronounced palatal indentation of 
the crown, thick palatal enamel extension, palato-radicular groove, and palatal enamel pearl. The 
clinical part of our study indicates that the enlarged palatal half of the crown can also result in 
omega-shaped maxillary dental arch, which may indeed represent the first clue observed by 
clinician while performing the oral examination. The results from all three studies showed that at 
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least one distinguishing trait is commonly observed on PMMs with SPR (63% to 94% of teeth). 
These findings could be the key to improve the currently poor clinical identification of the SPR: in 
none of the 15 retrospectively analysed clinical cases, the SPR was detected prior to referral. 
The root morphology of PMMs with SPR varies considerably and cannot be classified according 
to the existing classifications of Christie et al. (1991) and Baratto-Filho et al. (2002) in over two-
thirds of cases. We analysed the data with two multivariate ordination methods. Based on these 
results, we propose that it is better to describe the roots of these teeth with the type and level of 
root fusion, and the level of divergence of palatal roots. 
We developed a new system for classifying the external root morphology of the teeth of the upper 
jaw. The new classification codes the number of roots, the type of root fusion, and the level of 
fusion. We used this classification system to classify permanent maxillary premolars (PMPs) and 
PMMs from the CBCT scans. Our results indicate that the external root morphology exhibits a high 
level of left-right symmetry (P > 0.05). The only observed asymmetry was a higher prevalence of 
right PMMs with SPR (P < 0.01). It is also clinically relevant to note that if one of the teeth is 
diagnosed with an SPR that there is a 27% probability of finding the SPR on a contralateral or 
ipsilateral teeth. 
Our analysis of CBCT scans of extracted teeth revealed very complex root canal morphology in 
molars with SPR. In around half of the PMMs with SPR, we can expect challenging endodontic 
treatment. The complex root canal morphology was most commonly observed in the fused roots. 
Our results are therefore in contrast with the results from one previous study where simple root 
canal morphology was described on a relatively small sample of PMMs with SPR. However, our 
results are comparable to the internal morphology previously observed on second PMMs with fused 
roots. We also observed other significant deviations from the normal root canal morphology. The 
distance between the palatal orifices was significantly greater than the distance between the buccal 
orifices (P < 0.05). The orifice of the distobuccal root canal was positioned more buccally than in 
PMMs with one palatal root. There was also a pronounced divergence of the mesiopalatal and 
distopalatal root canal which was also present in the middle third of the root canals, making the 
palatal root canals significantly more divergent in the middle third compared to the buccal root 
canals (P < 0.05). 
Considering the three different methodological approaches used, we have reason to believe our 
data on the frequency, external and internal morphology of the PMMs with SPR in the Slovenian 
population are reliable and will undoubtedly contribute to the identification and more effective 




To doktorsko delo osvetljuje zgornje stalne kočnike z nadštevilno palatinalno korenino z 
epidemiološkega, anatomskega, diagnostičnega, kliničnega in širšega biomedicinskega vidika. V 
prvem delu smo raziskali zunanjo morfologijo 44 zgornjih stalnih kočnikov z nadštevilno 
palatinalno korenino in primerjalni vzorec 44 zgornjih stalnih kočnikov z eno palatinalno korenino 
iz zbirke ekstrahiranih zob, nato pa z uporabo računalniške tomografije s stožčastim snopom tudi 
njihovo notranjo morfologijo. V drugem delu smo izvedli retrospektivno klinično raziskavo 
posnetkov zgornjih čeljusti, pridobljenih z uporabo računalniške tomografije s stožčastim snopom, 
ki so bili v sklopu stomatološkega zdravljenja narejeni pri 1173 pacientih. V tretji delu pa smo 
retrospektivno analizirali 15 kliničnih primerov pacientov, ki so imeli skupaj 17 zgornjih stalnih 
kočnikov z nadštevilno palatinalno korenino.  
Izsledki naših raziskav nasprotujejo v stroki zelo razširjenemu prepričanju, da se nadštevilna 
palatinalna korenina in druge vrste nadštevilnih korenin na stalnih zgornjih kočnikih redko 
pojavijo. Klinična raziskava posnetkov, pridobljenih z računalniško tomografijo s stožčastim 
snopom, je pokazala, da lahko zobozdravnik v povprečju pri vsakem devetnajstem pacientu (5,29 
% pacientov) pričakuje vsaj en stalni zgornji kočnik z nadštevilno korenino. Raziskava je potrdila, 
da je nadštevilna palatinalna korenina najpogostejša nadštevilna korenina pri stalnih zgornjih 
kočnikih (3,84 % pacientov) in da njena pogostost narašča v distalni smeri: šestica (0,2 % zob), 
sedmica (1,3 % zob) in osmica (2,7 % zob). Pri endodontskem zdravljenju se zato s problematiko 
nadštevilne palatinalne korenine največkrat srečujemo pri sedmici, pri ekstrakcijah pa pri osmici. 
Omenjeni izsledki se ujemajo s podatki iz literature, ki ne kažejo, da bi med populacijami obstajale 
pomembne pogostnostne razlike. Prav tako se z izsledki drugih raziskav ujema ugotovitev, da 
razlik med spoloma ni. 
Pravočasno razpoznavo nadštevilne palatinalne korenine, ki je ključna za uspešno endodontsko, 
parodontalno in kirurško zdravljenje zoba, v praksi otežuje superpozicija bukalnih in palatinalnih 
korenin na periapikalnem rentgenskem posnetku zoba. V doktorskem delu prvič empirično 
dokazujemo ključno vlogo kliničnega pregleda pri razpoznavi nadštevilne palatinalne korenine. 
Ugotovili smo, da se na palatinalni strani obravnavanih stalnih zgornjih kočnikov pojavlja vrsta 
specifičnih oblikovnih znakov, ki imajo pri kliničnem pregledu vlogo diagnostičnih kazalnikov 
nadštevilne palatinalne korenine: zobna krona, ki je palatinalno širša kot bukalno, izrazito vbočenje 
zobne krone, dvojni ali trojni Carabellijev znak, skleninski biser, obsežen skleninski jezik in 
kronsko-koreninska brazda. Zaradi palatinalno obsežnejše zobne krone ima zgornji zobni lok 
pogosto obliko grške črke omega, kar je prvi znak, ki ga zobozdravnik lahko opazi pri kliničnem 
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pregledu. Vse tri raziskave so pokazale, da je delež stalnih zgornjih kočnikov z nadštevilno 
palatinalno korenino, ki imajo najmanj en klinično lahko določljiv diagnostični kazalnik, zelo velik 
(63‒94 %). Te ugotovitve so ključ do napredka pri razpoznavi nadštevilne palatinalne korenine, ki 
je trenutno na nezavidljivi ravni: pri nobenem od 15 retrospektivno analiziranih kliničnih primerov 
nadštevilna palatinalna korenina ni bila ugotovljena pred napotitvijo k specialistu. 
Izsledki doktorskega dela kažejo, da je zunanja koreninska morfologija zgornjih stalnih kočnikov 
z nadštevilno palatinalno korenino zelo raznovrstna in je z uporabo obstoječe klasifikacije po 
Christie in sod. (1991) ter Baratto-Filho in sod. (2002) ni možno opredeliti pri več kot dveh tretjinah 
primerov. Z multivariantno analizo podatkov smo ugotovili, da lahko vse morfološke različice 
zgornjih stalnih kočnikov opredelimo le z določitvijo vrste in višine zraščenja korenin ter 
divergence palatinalnih korenin. 
Razvili smo sistem za klasifikacijo zunanje koreninske morfologije pri zgornjih stalnih zobeh, ki 
vključuje tudi različne vrste nadštevilnih korenin. Merila za razvrščanje koreninskih različic 
vključujejo število korenin, vrsto in višino zraščenja korenin. Z uporabo nove klasifikacije na 
prikazih zgornjih stalnih ličnikov in kočnikov z računalniško tomografijo s stožčastim snopom smo 
potrdili ugotovitve predhodnih raziskav, da je levo-desna somernost zunanje koreninske 
morfologije zelo velika (P > 0,05). Edina ugotovljena nesomernost je bila večja pogostost 
nadštevilne palatinalne korenine na desni strain (P < 0,01). Klinično pomembna je tudi ugotovitev, 
da pri pacientu, pri katerem najdemo zgornji stalni kočnik z nadštevilno palatinalno korenino, 
obstaja več kot 27-odstotna verjetnost, da je nadštevilna palatinalna korenina tudi na 
kontralateralnih ali ipsilateralnih kočnikih. 
V raziskavi z računalniško tomografijo s stožčastim snopom smo pokazali, da imajo zgornji stalni 
kočniki z nadštevilno palatinalno korenino kompleksno kanalsko morfologijo, zlasti tisti s 
koreninskim zraščenjem. Pri približno polovici zgornjih stalnih kočnikov z nadštevilno palatinalno 
korenino lahko namreč pričakujemo, da bo endodontsko zdravljenje zahtevno ali zelo zahtevno. 
To je nasprotju z ugotovitvami dosedanjih raziskav, kjer so na razmeroma majhnem vzorcu 
zgornjih stalnih kočnikov z nadštevilno palatinalno korenino opisali enostaven kanalski sistem. 
Naši rezultati kanalske morfologije, pa so primerljivi z rezultati nedavne raziskave na stalnih 
zgornjih drugih kočnikih zraščenimi koreninami. Ugotovili smo še druge za endodontsko 
zdravljenje pomembne razlike od običajne kanalske morfologije zgornjih stalnih kočnikov. 
Razdalja med palatinalnima vhodoma v koreninska kanala je statistično značilno večja od razdalje 
med bukalnima vhodoma (P < 0,05). Vhod v distobukalni kanal je pomaknjen bolj bukalno, kot je 
to običajno za stalne zgornje kočnike z eno palatinalno korenino. Med meziopalatinalnim in 
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distopalatinalnim kanalom je prisotna izrazita divergenca, ki je bila za prisotna tudi v srednji 
tretjini. Tu sta bila palatinalna kanala tudi statistično značilno bolj divergentna kot bukala 
koreninska kanala (P < 0,05).   
S pričujočim delom smo pridobili kvalitetne podatke o pogostnosti ter zunanji in notranji 
morfologiji zgornjih stalnih kočnikov z nadštevilno palatinalno korenino pri domačem 
prebivalstvu, ki bodo zagotovo prispevali k zanesljivejši razpoznavi in uspešnejšemu zdravljenju 
teh zob v prihodnje.  
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PMMs possess three roots positioned mesiobuccally, distobuccally, and palatally (Figure 1). These 
roots can be separate; however, different types of root fusion occur, especially in the second and 
the third PMMs. 
 
 
Figure 1. Pictures from left to right show the left first PMM from buccal, palatal, mesial, distal, 
and occlusal view. The root complex of this tooth is composed of three independent roots: 
mesiobuccal, distobuccal and palatal. 
 
Occasionally, there can also be more than three roots. There can be either a splitting of the regular 
roots or a SNR can be present. There are two groups of SNRs. The SNR can be located in the 
furcation area, between the two regular roots, or the tooth can possess a SPR (Figure 2). 
The SNR located in the buccal furcation is known as radix paramolaris (RP) (Bolk, 1914) whereas 
the SNR located in the distal furcation is termed radix distomolaris (RD) (Carlsen and 
Alexandersen, 1999). One or both can be present on the same tooth (Carlsen and Alexandersen, 
1999). The RP and RD most commonly occur on the third PMMs; the RP and RD were identified 
in 91.5% and 96.5% of the third PMMs, in 7.2% and 3.4% of the second PMMs, and 1.4% and 
0.0% of the first PMMs, respectively (Carlsen and Alexandersen, 1999). Very commonly, the RP 
and RD are fused with one of the regular roots; i.e., 50.0% of RP and 41.3% of RD (Carlsen and 
Alexandersen, 1999). There is also a third variant of the SNR located in the mesial furcation. 
However, due to its rarity, it has not yet been named. In this thesis, we will call it radix 
mesiomolaris (RM). 
The most common variant of SNR in the PMMs is the SPR (Figure 2). The first reports of PMMs 
SPR are from the end of the 19th century and from the beginning of the 20th century (Bolk, 1915; 
Lenhossék, 1922). First clinical cases, primarily of endodontic treatment of such teeth, started to 
appear in literature in the 70s (Slowey, 1974; 1979; Thews et al., 1979). Soon after that, the first 
epidemiological studies followed (Matsumoto 1986; Libfeld and Rotstein,1989; Peikoff et al., 
1996). Furthermore, in the last two decades, there were first systematic studies of dental 
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morphology (Carlsen and Alexandersen, 2000; Versiani et al., 2012; Yang et al., 2013). Even 
though in Europeans the radix entomolaris on the first permanent mandibular molar and SPR on 
the second PMM have similar prevalence, most of the dental anatomy texts do not even mention 
the existence of the SPR (e.g., Ash, 1993; Woelfel and Scheid, 2002; Brand and Isselhard, 2003). 
 
 
Figure 2. The right second PMM with SPR. The dental crown is missing due to caries. (A) Buccal 
view. (B ) Palatal view. Arrow indicates the thick palatal enamel extension reaching the furcation 
area. Note the divergence of the palatal roots. (C) Mesial view. (D) Distal view. (E) Apical view. 
(F) Occlusal view. The crown is wider on the palatal half. In the floor of the pulp chamber, four 
root canal orifices can be seen: mesiobuccal (mb), distobuccal (db), meziopalatal (mp), and 
distopalatal (dp). Note the greater inter-orifice distance of the palatal root canals compared to the 
inter-orifice distance of the buccal root canals. A second mesiobuccal root canal was not found. 
Arrow indicates the deepening made with the ultrasonic instruments. (G) Periapical radiograph of 
the tooth in the bucco-palatal projection with endodontic hand files inside the root canals. (H) 
Periapical radiograph of the tooth in the mesio-distal projection with endodontic hand files inside 
the root canals. Figure legend: mb – mesiobuccal root canal, db − distobuccal root canal, mp – 
mesiopalatal root canal, dp – distopalatal root canal, m ‒ mesial, d – distal, b – buccal, and p – 
palatal. 
 
Probably due to scarce fossil material, we found no available data about SNR on PMMs in other 
species of the genus Homo. However, figures in a recent study by Kupczik et al. (2018) show 
several first PMMs with SPR belonging to Australopithecus africanus and Paranthropus robustus. 
Nevertheless, this has not been mentioned in the text. It seems possible that SPR was more 
prevalent in some extinct hominin species than in modern humans. The SNR can also form in 
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PMMs of other animal species, e.g., Pan troglodytes (chimpanzee) (Miles, 2008), several species 
of Ursus (bear) (Miles, 2008), and dogs (Pavlica et al., 2001). 
 
1.1. Prevalence of PMMs with SPR 
Previous research indicates that SPR only rarely develop on the first PMM (0.06%−0.91%) (Šutalo, 
1985; Neelakantan et al., 2010; Yang et al., 2013; Gu et al., 2015; Tian et al. 2016), but with 
increasing frequency on the second PMM (1.12%−1.46%) (Yang et al., 2013; Gu et al., 2015; 
Peikoff et al., 1996; Kim et al., 2015; Plotino et al., 2013) and third PMM (2.31%) (Zhang et al., 
2018) (for more details see Table 1). This frequency gradient from the first PMM to the third PMM 
complies with the general rule that morphological variability in PMMs increases in the distal 
direction. The SPR is not limited to the permanent dentition, as it can also be found in 1.23% of 
the primary maxillary second molars (Jörgensen, 1956). Even though there are several recent 
studies done on the CBCT scans (see Table 1), there are no data in the scientific literature regarding 
the prevalence of the SPR on patients. 
Furthermore, in the scientific literature very often only a number and percentage of all four-rooted 
PMMs are available (Table 1). There are four reasons why it is impossible to compare currently 
available data. First, the fourth root might be the root bifurcation of one of the regular roots or 
another kind of SNR. Second, the root fusion is common in the PMMs (Carlsen and Alexandersen, 
2000); therefore, the PMM with SPR can also have three, two, or only one root. Third, other kinds 
of SNRs can develop alongside the SPR forming teeth with more than four roots. Forth, there is no 
clear consensus on how to count the number of roots, as even according to the Arizona State 
University Dental Anthropology System (ASUDAS), two roots are classified if they are separated 
along 1/4 to 1/3 of length (Turner et al., 1991). Therefore, some researchers might use 1/3, the 





Table 1. Prevalence of PMMs with SPR. 
 
 
PMM Population N n % Method Authors Year 
First 
 
Netherlands 2300 0 0.00 ET Bolk 1915 
Croatia 443 2 0.45 ET Šutalo 1985 
India 220 2 0.91 CBCT Neelakantan et al. 2010 
China 299 0 0.00 CBCT Zhang et al. 2011 











Yang et al. 
Plotino et al. 
2013 
2013 
Iran 125 2 1.60 ET Rouhani et al. 2014 
Brazil 314 0 0.00 CBCT Silva et al. 2014 
Greece 410 *5 1.22 CBCT Nikoloudaki et al. 2015 
China 1365 2 0.15 CBCT Gu et al. 2015 
China 1558 1 0.06 CBCT Tian et al. 2016 
Egypt 605 0 0.00 CBCT Ghobashy et al. 2017 
Poland 185 0 0.00 CBCT Olczak and Pawlicka 2017 
Second 
 
Japan 3370 *34 *1.00 ET Matsumoto 1986 
Israel 1200 *5 *0.42 CR Libfeld and Rotstein 1989 
Canada 520 7 1.35 RCS Peikoff et al. 1996 
India 205 0 0.00 CBCT Neelakantan et al. 2010 
China 210 0 0.00 CBCT Zhang et al. 2011 
Korea 821 12 1.46 CBCT Kim et al. 2012 
China 979 11 1.12 CBCT Yang et al. 2013 
Italy 157 2 1.27 CBCT Plotino et al. 2013 
Iran 125 2 1.60 ET Rouhani et al. 2014 
Brazil 306 0 0.00 CBCT Silva et al. 2014 
Greece 402 *5 1.24 CBCT Nikoloudaki et al. 2015 
China 1226 15 1.22 CBCT Gu et al. 2015 
China 1539 *18 1.17 CBCT Tian et al. 2016 
Egypt 610 0 0.00 CBCT Ghobashy et al. 2017 
Poland 207 0 0.00 CBCT Olczak and Pawlicka 2017 
Third 
 
Brazil 155 *5 *3.23 ET Guerisoli et al. 1998 
North America 150 *11 *7.33 ET Sidow et al. 2000 
China 130 3 2.31 ET Zhang et al. 2018 
 
N – the number of examined PMMs, n – the number of PMMs with SPR, % – the percentage of PMMs with 
SPR, ET – extracted teeth, CR – conventional radiography, RCS – retrospective clinical study. An asterisk 




Comparison of periapical radiographs from the right and left side in 501 patients, showed that fused 
roots occurred bilaterally in 72.7% and 100% of cases, in the second and first PMMs, respectively 
(Sabala et al., 1994). Possibly the SPR also develops bilaterally; however, clinical cases from the 
literature show that the SPR is not always developed symmetrically. Christie et al. (1991) described 
a clinical case, where the left second PMM was a type I (divergent palatal roots) and the right 
second PMM was a type II or III (parallel or fused palatal roots). 
The occurrence of SPR has not been linked to specific ethnic groups (Table 1). This is in contrast 
with radix entomolaris on the permanent mandibular first molar, which shows pronounced 
differences among ethnic groups (Scott et al., 2018) and develops more frequently in individuals 
affected by Turner syndrome (Midtbø and Halse, 1994). There are also no significant differences 
between the left and right teeth and between males and females (Yang et al., 2013; Christie et al., 
1991). Moreover, there are no reports about greater prevalence in certain genetic disorders. 
 
1.2. Classification of PMMs with SPR 
1.2.1 Classification of PMMs with SPR according to Carlsen and Alexandersen (2000) 
 
In the case of SPR, one of the palatal roots is a regular palatal root and the other a SNR which can 
be located either mesiopalatally or distopalatally. The size and shape of the regular palatal root and 
SNR are very similar; therefore, the distinction between them is not always straightforward 
(Schulze, 1987; Carlsen and Alexandersen, 2000). However, Carlsen and Alexandersen (2000) 
observed a tight relationship between the SPR and profoundly manifested crown structure. They 
proposed the distinction between the regular and the SPR should be based on the very pronounced 
corresponding part of the crown (Carlsen and Alexandersen, 2000). SPR that has a direct affinity 
to the very pronounced mesiopalatal part of the crown is called radix mesiolingualis. SPR that has 
a direct affinity to the very pronounced distopalatal part of the crown is called radix distolingualis. 
In cases when both mesiopalatal and distopalatal roots have a direct affinity to the very pronounced 
mesiopalatal and distopalatal parts of the crown, they should be classified as radix 
mesiolingualis⁄distolingualis (Carlsen and Alexandersen, 2000). However, based on the location of 
the roots, the more appropriate name should be radix mesiopalatinalis, radix distopalatinalis, and 
radix mesiopalatinalis⁄distopalatinalis. Nevertheless, this classification has no real clinical 






1.2.2 Classification of PMMs with SPR according to Christie et al. (1991) 
 
In PMMs with SPR, the two palatal roots can be either separate or partially to completely fused 
with each other and/or with the buccal roots. The palatal roots can also be widely divergent or 
parallel. Based on these criteria Christie et al. (1991) defined three morphological types of PMMs 
with SPR (Fig. 3). According to this classification, type I PMMs have two widely divergent palatal 
roots that are often long and tortuous. The buccal roots of these teeth are often "cow-horn" shaped 
and less divergent. Four separate root apices are seen on the radiograph. A type II PMMs have four 
separate roots also, but the roots are often shorter, run parallel, have buccal and palatal root 
morphology, and have blunt root apices. A radiograph with buccolingual superimposition may 
make this type of maxillary molar appear as having only a mesial and distal root. A type III PMMs 
are also constricted in root morphology with the mesiobuccal, mesiopalatal, and distopalatal canal 
encaged in a web of root dentin. The distobuccal root in these cases appears to stand-alone and may 
even diverge in the distobuccal direction. The identification of a type II case and a type III case can 
be challenging on a radiograph alone but is more apparent when extracted teeth are examined. 
Nevertheless, recent studies have revealed other types of root fusion. These include fusions of: (i) 
both palatal roots, (ii) mesiopalatal and mesiobuccal roots, (iii) distopalatal and distobuccal roots, 
and (iv) both palatal and distobuccal roots (Carlsen and Alexandersen, 2000). The fusion of roots 
occurred in 44% of the examined teeth with SPR (Versiani et al., 2012). To this end, Baratto-Filho 
et al. (2002) suggested that a variant with fused mesiopalatal and mesiobuccal roots should be 
included as Type IV (Fig. 3). 
 
 
Figure 3. A classification scheme for PMMs with SPR (shaded) according to Christie et al. (1991) 




1.3. Identification of PMMs with SPR based on the morphological traits  
Early diagnosis of SPR is crucial for successful implementation of the conservation procedures 
(endodontic and periodontal treatment), as well as for the extraction of the tooth. On the other hand, 
the overlooked SPR can lead to progression of the disease and complications in treatment 
procedures. PMMs with SPR can be very difficult to identify using a periapical radiograph as 
palatal and buccal roots overlap. However, this root constellation might be predicted by observing 
the external tooth morphology during the clinical examination (Carlsen and Alexandersen, 2000). 
According to Carlsen and Alexandersen (2000), PMMs with SPR possess a very pronounced 
mesiopalatal and/or distopalatal part of the crown. The presence of a crown that is wider on the 
palatal half is evident also from several clinical cases (Christie et al., 1991; Deveaux, 1999; Baratto-
Filho et al., 2002; Fontana et al., 2012; Fakhari and Shokraneh, 2013). However, this clinical clue 
can only be reliably applied to the second and third PMM, where a narrower palatal part of the 
crown is common in teeth with a normal root number (Ash, 1993). In contrast, this clinical clue has 
a limited value in detecting the first PMM with SPR, because the crown of this tooth is often wider 
on the palatal half even when the root number is normal (Woelfel and Scheid, 2002).  
According to Carlsen and Alexandersen (2000), PMMs with SPR also possess a thick enamel 
extension between the palatal roots in almost 70% of cases. A palatal enamel extension is 
uncommon in teeth where the root number is normal; for instance, Risnes (1974a) found no palatal 
enamel extension in 1187 extracted second PMMs. Moreover, in PMMs with one palatal root, long 
enamel extensions show a strong predilection for the buccal surface (Šutalo, 1985; Risnes, 1974a; 
Gašperšič, 1984). However, the diagnostic value of the palatal enamel extension is often limited, 
as it can only be identified in teeth where the gingival tissues have receded. 
There are several documented cases of PMMs with SPR with one or even two enamel pearls in the 
furcation area of palatal roots (Christie et al., 1991; Moskow and Canut, 1990; Risnes, 1974; 
Shojaeian, 2013). Versiani et al. (2012) examined 25 extracted PMMs with SPR and observed 
palatal enamel pearls in 8% of these teeth. Several studies also addressed the prevalence and 
distribution of enamel pearls on PMMs. These studies indicate that enamel pearls show a strong 
predilection for mesial and distal surfaces (Risnes, 1974b; Gašperšič, 1985). Since enamel pearls 
develop exclusively on approximal surfaces of the PMMs with one palatal root (Risnes, 1974b), 
the palatal location of the enamel pearl has, therefore, a high diagnostic value. Even though the 
radiographic identification of enamel pearls appears to be straightforward, since they appear as 
distinctive round radiopaque formations, their clinical observation is limited to teeth with an 
exposed root furcation.  
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As early as 1915, Bolk (1915) mentioned the co-existence of multiple Carabelli cusps and SPR in 
second PMMs. Later, the presence of double Carabelli cusp on second PMMs with SPR was also 
documented by Benenati (1985) and Schulze (1987), and even triple Carabelli cusp has been 
observed on PMMs with SPR (Nayak et al., 2016). To our knowledge, there is no reference in the 
literature for a PMM with one palatal root and multiple Carabelli cusps. Most likely, this is the 
reason why this extreme variant has not been incorporated into the ASUDAS Carabelli’s trait 
standard (Turner et al., 1991). The second reason is that ASUDAS focuses on key teeth for 
interpopulation comparisons and for Carabelli's trait; this is the first PMM. 
A palato-radicular groove can occasionally develop on permanent maxillary incisors (Goon et al., 
1991); however, its presence on a PMM is very unusual and was so far only documented in a couple 
of PMMs with SPR (Benenati, 1985; Friedman et al., 1986; Moskow and Canut, 1990; Barbizam 
et al., 2004; Ahmed and Abbott, 2012). 
 
1.4. Clinical implications of PMMs with SPR 
The presence of SPR has clinical implications in endodontics, periodontology, and oral surgery. 
The identification of SPR and the understanding of the anatomy is a fundamental prerequisite for 
proper treatment of such teeth and for understanding the problems that may occur when such teeth 
become pulpally and/or periodontally involved. 
 
1.4.1 Endodontic treatment of PMM with SPR 
 
The first description of a clinical case belongs to Slowey (1974), who endodontically treated the 
second PMM with SPR. Furthermore, most of the described clinical cases that followed, also 
involved an endodontic treatment of the second PMM, which reflects the combination of a 
relatively high prevalence of SPR on the second PMMs in comparison to the first PMMs and the 
uncommon clinical decision to endodontically treat the third PMM (Sidow et al., 2000). 
As the untreated root canals are the primary cause of endodontic treatment failure (Hoen and Pink, 
2002), it is essential to be acquainted with the general root canal morphology for each type of tooth 
and each radicular variant before endodontic treatment. Versialni et al. (2012) explored the root 
canal anatomy of 25 extracted PMMs using microcomputed tomography. They found out that 
separate palatal roots always possessed one root canal. In most cases the root canals were of 
approximately equal length; however, frequently divergent and apically curved. Accessory canals 
are present mostly in the apical third, and the location of the apical foramina varied considerably. 
The reported frequency of the mesiopalatal root canal (MB2) in PMMs with SPR was 24%. Review 
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of the literature also shows that in most of the published clinical cases the MB2 was not found. 
This frequency of the MB2 is considerably lower than values reported for PMMs with one P root 
in microcomputed tomography studies; e.g., 77.3% to 90.0% (Sommain et al., 2009; Verma and 
Love, 2011; Spagnuolo et al., 2012). This data indicates a simplified root morphology in PMMs 
with SPR. However, based on the recent research on the second PMMs with fused roots (Ordinola-
Zapata et al., 2017), a more complex morphology of the root canal system might be expected as 
PMMs with SPR often have fused roots.  
Photographs in the published endodontic clinical cases involving PMMs with SPR indicate that the 
distance between the palatal root canal orifices is greater than the distance between the buccal 
orifices (Stone and Stroner, 1981; Crosby and Barkhordar, 1986; Friedman in sod., 1986; Christie 
in sod., 1991; Deveaux, 1999; Di Fiore, 1999a; Baratto-Filho et al., 2002; Alani, 2003; Shin et al., 
2007; Ghoddusi et al., 2008; He et al., 2010, Patel and Patel, 2012; Jha et al., 2012) There are only 
a few published cases where these distances appear similar (Jacobsen and Nii, 1994; Ulusoy and 
Görgül, 2007). These observations were later objectively confirmed in a study using 
microcomputed tomography on 25 extracted PMMs with SPR (Versiani et al., 2012) and in a CBCT 
study on 528 patients (Yang et al., 2013), where the mean distance between the buccal orifices was 
significantly lower than the distance between the palatal orifices. We have to consider this fact 
when preparing the endodontic access cavity. Therefore, the access cavity has to be palatally 
enlarged so that it partly engages the crista obliqua. In this way the classical triangular or 
rhomboidal access cavity becomes trapezoidal (Figure 4).  
 
Figure 4. Comparison of the 
access cavity preparation 
(marked in grey) in PMM with 
one palatal root (A) and PMM 
with SPR (B). The root canal 
orifices before and after the 
root canal instrumentation are 
marked red and black, 
respectively. The dotted lines 
represent the lines on the pulp 
flor between the orifices. M – 
mesial, D – distal, B – buccal, 
and P – palatal side. 
 
The palatal roots can form an angle between -5 degrees (convergent roots) and +45 degrees 
(divergent roots) (Carlsen and Alexandersen, 2000). In the CBCT study made on three first and 11 
second PMMs with SPR, the mean angle between palatal roots (34.6 ± 16.1 degrees) was 
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significantly greater than the angle between the buccal roots (21.3 ± 12.2 degrees) (Yang et al., 
2013). We have to keep this in mind when we search and enlarge the palatal root canals; for the 
mesiopalatal and distopalatal root canal, we have to angle the instrument distopalatally and 
mesiopalatally, respectively.  
The prognosis of the endodontic treatment of PMM with SPR is most probably similar to the 
prognosis of the endodontically treated PMM with one palatal root (Christie and sod., 1991). 
Crucial to the favourable prognosis is the recognition of SPR before or at the start of endodontic 
treatment (Ghoddusi et al., 2008). 
 
1.4.2 Periodontal treatment and oral surgery of PMM with SPR 
 
The PMM with SPR typically has a short distance between the enamel line and the palatal furcation 
(short root trunk). The ratio between this length and the length of the palatal roots can be less than 
1:10 (Carlsen and Alexandersen, 2000) and this is the smallest ratio established in any tooth type. 
In PMMs with one palatal root, this ratio varies between 1:2.8 and 1:3.6 (Roussa, 1998). 
A typically short distance between the enamel line and palatal furcation in PMMs with two separate 
palatal roots should be considered when planning crown lengthening on such teeth (Di Fiore, 1999). 
For the same reason, the palatal furcation may become involved early during the progression of 
periodontal disease. A thick palatal enamel extension, a palato-radicular groove, and a palatal 
enamel pearl may also be predisposing factors for furcation involvement. If periodontal destruction 
predominantly affects the palatal aspect of a PMM than the presence of SPR should be taken into 
consideration (Chan et al., 2010). Lastly, there is an increased risk of fracturing the maxillary 
tuberosity during the extraction of the maxillary third molar with SPR, because it is more firmly 






(i) PMMs with SPR can be very difficult to identify using a periapical radiograph as palatal and 
buccal roots overlap. However, this root constellation might be predicted by observing the 
external tooth morphology during the clinical examination (Carlsen and Alexandersen, 
2000). Nevertheless, this has not yet been empirically tested. Therefore, we aimed to 
determine the distinguishing morphological tooth traits in a comparative analysis of extracted 
PMMs with one palatal root and PMMs with SPR, CBCT analysis of patients with PMMs 
with SPR, and in a retrospective analysis of clinical records of patients having PMMs with 
SPR. 
 
(ii) Palatal roots can be separate, partiality or completely fused with a variable number of 
neighbouring roots. Based on the literature, each of the separate palatal roots harbours one 
root canal (Versiani et al., 2012). However, based on our clinical cases of PMMs with SPR 
and based on recent research on the second PMM with fused roots (Ordinola-Zapata et al., 
2017) a more complex morphology of the root canal system might be expected. Therefore, 
our aim will also be to determine the root and root canal morphology from extracted PMMs 
with SPR, from PMMs with SPR found in the patient CBCT database, and retrospective 
analysis of clinical cases of PMMs with SPR. 
 
(iii) At present, we do not have any objective data on the frequency, prevalence and 
morphological diversity of the PMMs with SPR for the population of Slovenia. Also, 
literature provides very limited data on the frequency of PMMs with SPR in European 
populations. All of the previous studies report only the frequency of the affected teeth (Table 
1) but not the prevalence of the affected patients. Therefore, we will aim to objectively 
determine the frequency, prevalence and morphological diversity of the PMMs for the 
population of Slovenia. Our estimate will be based on the analysis of the extracted PMMs 
with and without SPR and full maxillary arch CBCT scans of dental patients. 
 
(iv) Early diagnosis of SPR is crucial, as the overlooked SPR can lead to progression of the 
disease and complications in treatment procedures. Based on our clinical experiences, SPR 
is often overlooked and therefore left untreated by general practitioners, which leads to 
complications in treatment procedures and makes the retreatment procedures more difficult 
and the prognosis less favourable. Therefore, we will perform a retrospective analysis of our 
clinical records of patients having PMMs with SPR to elucidate the time at which SPR was 





With the proposed research work, we want to review the following hypotheses: 
(i) Most of the PMMs with SPR have at least one diagnostic indicator of the SPR that can be 
easily observed already during the clinical examination. 
(ii) PMMs with SPR have often fused roots and complex morphology of the root canal system. 
(iii) The frequency of the PMMs with SPR in the population of Slovenia is comparable with data 
in the literature for other population groups. 
(iv) In the permanent dentition, the SPR develops most often on the third PMM and least often 
on the first PMM. 





4. The design of studies 
 
Three different studies were performed: 
(i) An anatomical study focusing on the external and internal morphology of extracted PMMs 
with and without SPR. 
 
(ii) A retrospective clinical study of PMMs with SPR using CBCT. 
 





5. The anatomical study of extracted PMMs with SPR 
 
5.1. Materials and Methods 
 
5.1.1 Extracted teeth 
 
The studied sample consisted of 44 PMMs with SPR (18 second and 26 third PMMs) taken from 
the collection of extracted teeth at the Department of Dental Diseases and Dental Morphology, 
Faculty of Medicine in Ljubljana. Tooth determination was based on morphological criteria 
described in dental anatomy textbooks (e.g. Woelfel and Scheid, 2002). 
The reference sample consisted of 44 PMMs with one palatal root (18 second and 26 third PMMs) 
from the same dental collection, selected in such a way that pairs of morphologically matching 
PMMs with one palatal root and PMMs with SPR were formed.  
There was no available data on the sex and age of patients from which these teeth were extracted, 
nor was there any information about the reasons for extraction. 
5.1.2. Stereomicroscopic analysis of the external dental morphology  
 
The external morphology of extracted teeth was examined under a stereomicroscope (with a 
maximum magnification of ×15 to identify morphological traits associated with the presence of 
SPR. We identified five previously described distinguishing morphological traits for PMMs with 
SPR (see Section 1.3. Identification of PMMs with SPR based on the morphological traits): crown 
wider on the palatal half, thick palatal enamel extension, double or triple Carabelli cusp, palato-
radicular groove, and palatal enamel pearl. We also recorded other potential distinguishing 
morphological traits of the SPR, such as the pronounced palatal indentation of the crown, enamel 
extensions and enamel pearls on other surfaces, and additional cusps on the occlusal surface.  
Mesiodistal diameters of the buccal and lingual halves of the crown were measured using a digital 
calliper with a resolution of .01 mm (ABS Digimatic, Mitutoyo, Japan). We grouped the teeth into 
three categories according to the clinically observable crown width over the buccal and palatal 
cusps:  
(a) crown wider on the buccal half – teeth with the crown width over the buccal cusps of 0.5 mm 
or more wider than the width over the palatal cusps;  
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(b) similar crown width on the buccal and palatal half – teeth with the difference of less than 0.5 
mm between the width over the buccal and palatal cusps, and  
(c) crown wider on the palatal half – teeth with the crown width over the palatal cusps of 0.5 mm 
or more than the width over the buccal cusps. 
To determine the contribution of the hypocone to the palatal width of the crown, we graded the 
expression of the hypocone according to the ASUDAS (Arizona State University Dental 
Anthropology System) hypocone plaque (Turner II et al., 1991). We classified the enamel 
extensions into three categories according to the distance from the furcation area after Masters and 
Hoskins (1964). Additionally, we recorded the enamel extensions which could be reliably detected 
during the clinical examination with a periodontal probe as thick palatal enamel extensions. 
We determined four types of root fusion: (a) between MB and DB root, (b) between DB and DP 
root, (c) between MP and DP root, and (d) between MB and MP root. As there are no objective 
criteria on how to classify the type and the level of root fusion (even according to the ASUDAS), 
we made our own classification (Figure 5). For each type of root fusion, we determined four levels 
of root fusion. We considered there was no root fusion if the roots were fused to the level of the 
coronal third of the root length (level I). We considered the roots to be fused if the roots were fused 
to more than the coronal third of the root length. Roots fused in the level of the middle third of the 
root length were coded as level II root fusion. The roots fused in the level of the apical third of the 
root length, but less or equal to 1.5 mm from the apex were coded as level III root fusion. The roots 
fused to more 1.5 mm from the apex were coded as level IV root fusion. If the observed fusion was 
exactly between the two defined levels, the lower level was assumed. 
Figure 5. 
Classification of 
root fusion levels 
used in the 













We also registered the divergence of palatal roots (either divergent, parallel, or convergent), apical 
gracility (present or not), root dilacerations (present or not), hypercementosis (present or not), and 
root fractures (broken or intact).  
The root morphology was scored according to Christie et al. (1991) and Baratto-Filho et al. (2002):  
i. Type I – divergent palatal roots and no root fusion (level I);  
ii. Type II – parallel palatal roots and no root fusion (level I);  
iii. Type III – parallel palatal roots, no root fusion (level I) between MB and DB root and between 
DB and DP root, and full root fusion (level IV) between the MP and DP and MB and MP 
root; 
iv. Type IV – divergent palatal roots: no root fusion (level I) between MB and DB root, between 
DB and DP root and between MP and DP root, and full root fusion (level IV) between MB 
and MP root. 
 
Two researchers (author and mentor) scored all traits independently; in the case of disagreement a 
third, joint evaluation was conducted until a consensus was reached. Measurements were made 
independently by two examiners, and average values were used in statistical analysis. 
 
5.1.3. Analysis of data for external dental morphology  
 
Intraclass correlation coefficients (ICC) were used to assess inter-examiner reproducibility of 
scoring the hypocone with the ASUDAS dental plaque. The prevalence of distinguishing 
morphological traits and other morphological traits, the divergence of palatal roots, apical gracility, 
root dilacerations, root fractures, and hypercementosis was determined for extracted PMMs with 
SPR. The prevalence of distinguishing morphological traits was determined for extracted PMMs 
with one palatal root. A 95% confidence interval (CI) for all morphological traits was estimated 
using the Wald’s method (Lewis and Sauro, 2006). Where appropriate, the Fisher’s exact test, 
Pearson’s chi-square test, or independent samples t-test was applied to determine if there was a 
statistically significant difference between second and third PMMs, and between left and right 
PMMs. Independent samples t-test and/or Mann–Whitney U test were used to compare widths of 
buccal and palatal halves of the crown, and to test if the group with SPR is associated with a 
statistically significantly different mean hypocone size compared to the group of PMMs with one 
palatal root. A one-way analysis of variance (ANOVA) was used to test if there was a statistically 
significant difference in the level of fusion among different types of root fusion and in the 
36 
  
frequency of root dilacerations and apical slenderness among roots. In the case of a statistically 
significant difference, the post hoc Tukey’s HSD procedure was used. A P value of < 0.05 was 
considered significant for all tests. Data analysis was executed utilizing the SPSS computer 
software (v 23.0, IBM). The 95% Adjusted Wald CI was calculated with One Sample Proportion 
Calculator available online (https://measuringu.com/onep/). 
 
5.1.4. CBCT analysis of the internal dental morphology  
 
The internal morphology was examined from the CBCT images of teeth. The 44 PMMs with SPR 
were scanned using Veraviewepocs 3D R100 CBCT machine (J. Morita, Kyoto, Japan) (voxel size 
125 µm) and analyzed with i-Dixel One Volume Viewer 2.0.0 imaging software on a 24-inch LG 
Flatron E2442 LCD screen with a resolution of 1920 × 1080 pixels in a darkroom. The contrast 
and brightness of the images were adjusted using the image processing tool in the software to 
ensure optimal visualization of the scan.  
On the CBCT scans, the type of the root canal system, divergence of the root canals, and primary 
and secondary root canal curvatures in the mesio-distal in bucco-palatal projections were measured 
or determined.  
Based on the type of the root canal system, we classified the PMMs with SPR into four groups 
according to the expected difficulty of endodontic treatment: 
i. one root canal in each root − low difficulty of treatment (Group I), 
ii. 2 or 2-1 type of root canal system in the MB root − medium difficulty of treatment (Group 
II), 
iii. 1-2 or 1-2-1 type of root canal system in the MB root − difficult treatment (Group III), 
iv. additional root canals in MB, DB, MP, and DP roots or fused roots − very difficult endodontic 
treatment (Group IV). 
The root canal curvatures were measured according to the modified method of Schneider (1971). 
The planes where the measurements of root canal curvatures were made in the mesio-distal and 
bucco-palatal projections were adjusted so that they were perpendicular to each other in one of the 
axes of measurement. The primary and secondary angles of curvature were determined according 
to Cunningham and Senia (1992). However, we considered the apical dilacerations as secondary 
angles, even in cases where there were no curvatures present in the coronal part of the root canal. 
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The CBCT scans were analysed independently by two researchers; in the case of disagreement a 
third, joint evaluation was conducted until a consensus was reached.  
From the angles measured from the CBCT scan in the mesio-distal projection (αMD, βMD) and the 
perpendicular bucco-palatal projection (αBP, βBP) we calculated the actual primary (αC) and 
secondary angles (βC) from the equation: 
 
 
5.1.2.1. Derivation of the equation for calculating the angle αC or βc  
We have two normalised vectors.  
                                                                                                                                                    
 
The angle between these two vectors is αC. The vectors can be observed from direction A and B; 
where the direction B is rotated concerning the direction A by an angle of 90 ° around the vector       















When we observe the two vectors from direction A, we see between them and angle αMD for which 
applies: 
   
 
When we view the vectors from direction B, we see between them and angle αBP for which applies: 
   
 
 
Based on the figure above for the direction A it applies: 
   
 
 
Similarly, for direction B it applies: 
   
 
 
From here follows: 
   
 
 
If we consider 
2 2(cos sin ) 1a a+ = , we can eliminate the free parameter α. From the above 
equation, we, therefore, obtain the real angle (αC) between the two vectors:   
 









5.1.2.1. Analysis and graphical processing of data for internal dental morphology  
 
ICCs were used to assess inter-examiner reproducibility of the angle measurements. The average 
values, standard deviations, and frequencies were calculated. We calculated the proportion of root 
canals with a curvature of > 20 degrees (severe curvature according to Gu et al. (2010)) and 
curvatures of ≥ 35 degrees. Independent samples t-test was used to compare inter-orifice distances 
and divergence of the root canals at the orifice level and in the middle 1/3 of the root canals. A 
one-way analysis of variance (ANOVA) was used to verify if there were statistically significant 
differences between primary, secondary, and primary and secondary angles between individual 
roots. In the case of statistically significant differences, the post hoc Tukey’s HSD procedure was 
used. A P value of < 0.05 was considered significant for all tests. Data analysis was executed 
utilising the SPSS computer software (v 23.0, IBM). Results of the inter-orifice distances and 
divergence of the root canals at the orifice level and in the middle 1/3 of the root canals were 






From the studied group (n = 44) of PMMs with SPR, 41% (18/44) were determined as second 
PMMs and 59% (26/44) we determined as third PMMs. There were no statistically significant 
differences in the number of second and third PMMs (P = 0.23; Pearson’s chi-square test). 64% 
(28/44) of teeth we determined as right PMMs and 36% (16/44) were determined as left PMMs. 
There were no statistically significant differences in the number of right and left (second and third) 
PMMs (P = 0.07; Pearson’s chi-square test) and second PMMs (P = 0.64; Pearson’s chi-square 
test). However, there was a statistically significant difference in the number of right (18/26) and 
left (8/26) third PMMs (P = 0.049; Pearson’s chi-square test). 
 
5.2.1. External morphology of extracted PMMs with one palatal root and PMMs with SPR 
 
5.2.1.1. Crown wider on the palatal half 
 
The crown of PMMs with SPR was statistically significantly wider on the palatal half (mean 
diameter ± SD = 10.04 ± 1.23 mm) than on the buccal half (mean diameter ± SD = 9.33 ± 1.01 
mm) (P = 0.001, paired samples t-test). There were no statistically significant differences (P > 0.05, 
independent samples t-test) between the second and third PMMs in the buccal crown width. There 
were also no statistically significant differences (P > 0.05, independent samples t-test) between the 
buccal and palatal crown widths in second and third PMMs. However, the palatal half of the second 
PMMs was statistically significantly wider than the palatal half of the third PMMs (P = 0.009; 
independent samples t-test). There were no statistically significant differences (P > 0.05, 
independent samples t-test) in the palatal width, buccal width, or the difference in crown diameter 
between the left and right PMMs. 
In contrast, the crown of PMMs with one palatal root was statistically significantly wider on the 
buccal half (mean diameter ± SD = 9.44 ± 0.55 mm) than on the palatal half (mean diameter ± SD 
= 8.72 ± 0.65 mm) for first, second, third, and all PMMs (P < 0.001). 
A total of 55% (21/38) of PMMs with SPR had the crown wider on the palatal half (Table 2); 67% 
(10/15) second PMMs and 48% (11/23) third PMMs. 29% (11/38) of PMMs with SPR had similar 
crown width on the buccal and palatal half, and 16% (6/38) had crown wider on the buccal half. 
There were no statistically significant differences between the second and the third PMMs (P = 
0.33, Fisher's exact test) and between the left and right PMMs (P = 0.14, Fisher's exact test) in the 
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frequency of the crown wider on the buccal half. The lower and upper bound of the 95% adjusted 
Wald CI for the crown wider on the palatal half was 39.69% to 69.87%. 
 
Table 2. Prevalence of distinguishing morphological traits in a sample of 44 extracted PMMs with 
SPR. 
 
Morphological trait PMMs        N   n % P value (FET) 
95% Adjusted 
Wald CI 
Crown wider on the 
paltal half 
Second 15 10 66.7 
0.3264 
 
Third 23 11 47.8  
Right 25 12 48.0 
0.3068 
 
Left 13 9 69.2   
All 38 21 55.3   39.69% to 69.87% 
Double Carabelli cusp 
Second 15 1 6.7 
0.0611 
 
Third 23 8 34.8  
Right 25 3 12.0 
0.0401* 
 
Left 13 6 46.2   
All 38 9 23.7   12.79% to 39.42% 
Pronounced palatal 
indentation 
Second 17 4 23.5 
0.7089 
 
Third 22 4 18.2  
Right 25 6 24.0 
0.6857 
 
Left 14 2 14.3   
All 39 8 20.5   10.52% to 35.8% 
Thick palatal enamel 
extension 
Second 18 3 16.7 
1.000 
 
Third 25 4 16.0  
Right 27 3 11.1 
0.3944 
 
Left 16 4 25.0   
All 43 7 16.3   7.8% to 30.3% 
Palato-radicular groove 
Second 18 1 5.6 
0.3801 
 
Third 25 4 16.0  
Right 27 2 7.4 
0.3437 
 
Left 16 3 18.8   
All 43 5 11.6   4.61% to 24.94% 
Palatal enamel pearl 
Second 18 1 5.6 
0.4091 
 
Third 26 0 0.0  
Right 28 1 3.6 
1.0000 
 
Left 16 0 0.0   
All 44 1 2.3   0% to 12.9% 
 
 
N, number of examined PMMs; n, number of PMMs with a distinguishing trait; %, percentage of 







5.2.1.2. Double Carabelli cusp 
 
A total of 24% (9/38) of PMMs with SPR had a double Carabelli’s cusp: 6.7% (1/15) of the second 
PMMs and 35% (8/23) of the third PMMs (Table 2). None of the teeth had triple Carabelli’s cusp. 
There were no statistically significant differences in the occurrence of double Carabelli’s cusp 
between the second and third PMMs (P = 0.06, Fisher's exact test); however, there were statistically 
significant differences between the left and right PMMs (P = 0.04, Fisher's exact test). The 
calculated 95% adjusted Wald CI for double Carabelli’s cusp is between 12.79% and 39.42%. 
No double Carabelli’s cusp was present on the crowns of 44 PMMs with one palatal root. 
 
5.2.1.3. Pronounced palatal indentation of the crown 
A total of 21% (8/39) of PMMs with SPR had a pronounced palatal indentation of the crown: 24% 
(4/17) of the second PMMs and 18% (4/22) of the third PMMs (Table 2). There were no statistically 
significant differences in the occurrence of pronounced palatal indentation of the crown between 
the second and the third PMMs (P = 0.71, Fisher's exact test), and between the left and right PMMs 
(P = 0.69, Fisher's exact test). The calculated 95% adjusted Wald CI for pronounced palatal 
indentation of the crown is between 12.79% and 39.42%.  
No pronounced palatal indentation of the crown was present on the crowns of 44 PMMs with one 
palatal root. 
 
5.2.1.4. Palatal enamel extension 
A total of 93% (40/43) PMMs with SPR had palatal enamel extension (Table 2). The calculated 
95% CI for palatal enamel extension is 80.71% to 98.28%. According to the classification of 
Masters and Hoskins (1964), 28% (12/43) of the PMMs with SPR had faint enamel extension 
(Grade 1), 26% (11/43) had medium-sized enamel extension (Grade 2), and 40% (17/43) had 
lengthy enamel extension (Grade 3). There were no statistically significant differences (P > 0.05, 
Fisher's exact test and independent samples t-test) in the occurrence of palatal enamel extension 
between the second and the third PMMs and between the left and the right PMMs in frequency and 
length of the palatal enamel extension. 
Furthermore, seven lengthy palatal enamel extensions (Grade 3) were unusually thick and would 
be observed even during the clinical examination of the tooth; 16% (7/43) PMMs with SPR had 
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thick palatal enamel extension, of these 17% (3/18) were second PMMs and 16% (4/25) were third 
PMMs. There were no statistically significant differences in the occurrence of thick enamel 
extensions between the second and third PMMs (P=1.00, Fisher's exact test), and between the left 
and right PMMs (P=0.39, Fisher's exact test). The calculated 95% adjusted Wald CI for thick 
palatal enamel extension is between 7.8% and 30.3%. 
Conversely, only 2.3% (1/44) of PMMs with one palatal root exhibited palatal enamel extension 
which was scored as faint (Grade 1). 
 
5.2.1.5. Palato-radicular groove 
A total of 12% (5/43) of PMMs with SPR had a palato-radicular groove: 6% (2/27) of the second 
PMMs and 16% (3/16) of the third PMMs (Table 2). There were no statistically significant 
differences in the occurrence of the palato-radicular groove between the second and the third 
PMMs (P = 0.38, Fisher's exact test), and between the left and the right PMMs (P = 0.34, Fisher's 
exact test). The lower and upper bound of the calculated 95% adjusted Wald CI for palato-radicular 
groove was between 4.61% and 24.94%.  
No pronounced palato-radicular groove was present on the crowns of 44 PMMs with one palatal 
root. 
 
5.2.1.6. Enamel pearls 
A total of 15.9% (7/44) of PMMs with SPR had an enamel pearl: 11.1% (2/18) of the second PMMs 
and 19.2% (5/26) of the third PMMs. There were no statistically significant differences in the 
occurrence of the enamel pearl on second and third PMMs (P = 0.682, Fisher's exact test), and 
between the left and the right PMMs (P = 1.00, Fisher's exact test). The lower and upper bound of 
the calculated 95% adjusted Wald CI for enamel pearl was between 7.61% and 29.69%. 
A total of 2.3% (1/44) of PMMs with SPR had a palatal enamel pearl: 5.6% (1/18) of the second 
PMMs and 0% (0/26) of the third PMMs (Table 2). There were no statistically significant 
differences in the occurrence of palatal enamel pearl between the second and third PMMs (P = 
0.41, Fisher's exact test), and between the left and the right PMMs (P = 1.00, Fisher's exact test). 
The lower and upper bound of the calculated 95% adjusted Wald CI for palatal enamel pearl was 
between 0% and 12.9%. 
No enamel pearl was present on the crowns of 44 PMMs with one palatal root. 
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5.2.1.7. Distinguishing morphological traits 
We identified six distinguishing morphological traits, i.e., traits which were present only on PMMs 
with SPR. These distinguishing traits include crown wider on the palatal half, double Carabelli 
cusp, pronounced palatal indentation of the crown, thick palatal enamel extension, palato-radicular 
groove, and palatal enamel pearl. With the exception of enamel extension, these traits are not 
among those used in the ASUDAS (Turner II et al., 1991). 
A statistically significant difference concerning tooth type (second vs. third PMMs) was not 
detected for any of them (Table 2). However, a statistically significant difference concerning the 
side of the dental arch was detected for a double Carabelli cusp (P = 0.0401, Fisher's exact test) 
(Table 2). The most frequent distinguishing morphological trait was the crown wider on the palatal 
half (Figs 6A and 6A’); this was followed by double Carabelli cusp (Figs 6B and 6B’), pronounced 
palatal indentation of the crown (Figs 6C and 6C’), thick palatal enamel extension (Figs 6D and 
6D’), palato-radicular groove (Figs 6E and 6E’), and palatal enamel pearl (Figs 6F and 6F’).  
The number of traits per tooth varied from zero to four; however, at least one trait was present in 
63.4% of the examined PMMs with SPR (Figure 7). There were no statistically significant 
differences in the frequency of the distinguishing morphological traits between the second and third 
PMMs (P = 0.87, Fisher's exact test; 0.74, Pearson’s chi-square test), and between the left and the 






Figure 6. Morphological traits (green) to distinguish PMMs with SPR from those with one palatal 
root presented schematically (A−F) and on 3D scans of extracted teeth (A’−F’). (A, A’) crown 
wider on the palatal half (The left crown, which belongs to a PMM with one palatal root, is wider 
towards the buccal surface). (B, B’) double Carabelli cusp. (C, C’) pronounced palatal indentation 
of the crown. (D, D’) palatal enamel extension. (E, E’) palato-radicular groove. (F, F’) palatal 
enamel pearl. (G) Enlarged palatal half of the tooth, resulting in omega-shaped maxillary dental 





Figure 7. Distribution of PMMs with SPR according to the number of distinguishing 
morphological traits per tooth. 
 
5.2.1.8. Hypocone  
The inter-examiner reproducibility of scoring the hypocone was excellent (mean ICC value 0.95; 
95% CI lower bound 0.922 and upper bound 0.968). 
In PMMs with SPR (N = 38) the mean score for hypocone was 4.12 (SD = 1.04) whereas in PMMs 
with one palatal root (N = 44) the mean score was 2.43 (SD = 1.25) (Table 3). This difference was 
statistically significant (P < 0.001, independent samples t-test; P < 0.001, Mann–Whitney U test).  








Hypocone expression according to ASUDAS classification 
0 1 2 3 3.5 4 5 
n % n % n % n % n % n % n % 
Second 
two 16 0 0.0 0 0.0 0 0.0 1 6.3 3 18.8 5 31.3 7 43.8 
one 18 1 5.6 0 0.0 4 22.2 6 33.3 2 11.1 5 27.8 0 0.0 
Third 
two 22 1 4.5 0 0.0 0 0.0 4 18.2 1 4.5 10 45.5 6 27.3 
one 26 3 11.5 4 15.4 10 38.5 2 7.7 3 11.5 3 11.5 1 3.8 
 
N, number of examined PMMs; n, number of PMMs with hypocone expression according to ASUDAS 




5.2.1.9. Additional cusps 
In 19.5% (8/41) of PMMs with SPR additional cusps were observed on the occlusal surface. In two 
of these teeth the additional cusp was a tuberculum paramolare (Grades 2 and 3). 
 
5.2.1.10. Divergence of the palatal roots 
Palatal roots were convergent in 2.3% (1/44) of the teeth, parallel in 34.1% (15/44) of the teeth, 
and divergent in 61.4% (27/44) of the teeth. There were no statistically significant differences (P > 
0.05) between the second and the third PMMs and between the left and the right PMMs. 
 
5.2.1.11. Root fusion 
Level II-IV root fusion between the MP and MB roots was observed in 61.4% (27/44) of PMMs. 
One-way analysis of variance (ANOVA) showed that there were statistically significant differences 
(P < 0.001) in the level of fusion among root pairs (Table 4). Post-hoc Tukey’s honestly significant 
difference (HSD) test showed a statistically significant difference (P < 0.05) in the levels of root 
fusion between the MB and MP root and other three root pairs. 
Table 4. Types and levels of root fusion in PMMs with SPR. 
Root fusion Level of fusion N n % 
MB-DB 
level I 44 42 95.5 
level II 44 1 2.3 
level III 44 0 0 
level IV 44 1 2.3 
DB-DP 
level I 44 35 79.5 
level II 44 2 4.5 
level III 44 4 9.1 
level IV 44 3 6.8 
MP-DP 
level I 44 40 90.9 
level II 44 1 2.3 
level III 44 2 4.5 
level IV 44 1 2.3 
MB-MP* 
level I 44 17 38.6 
level II 44 9 20.5 
level III 44 2 27.3 
level IV 44 6 13.6 
 
* statistically significant difference (P < 0.05) according to the post-




5.2.1.12. Classification of PMMs with SPR according to Christie et al. (1991) and Baratto-Fiho et 
al. (2002) 
20.5% (9/44) of teeth were classified as type I, 6.8% (3/44) of teeth were classified as type II, none 
were classified as type III according to Christie et al. (1991), and 4.5% (2/44) were classified as 
type IV according to Baratto-Fiho et al. (2002). The remaining, 68.2% (30/44) of teeth could not 
be classified into Types I−IV according to Christie et al. (1991) and Baratto-Fiho et al. (2002). 
There were no statistically significant differences (P > 0.05, Mann–Whitney U test) between the 
second and the third PMMs and between the left and the right PMMs. 
5.2.1.13. Root dilacerations 
Root dilacerations were observed in 31.8% (14/44) of MB roots, 20.5% (9/44) of DB roots, 13.6% 
(6/44) of MP roots, and 27.3% (12/44) of DP roots. ANOVA revealed no statistically significant 
differences in the frequency of root dilacerations among these four roots (P = 0.208). There were 
no statistically significant differences (P > 0.05) between the second and the third PMMs and 
between the left and the right PMMs. 
5.2.1.14. Apical slenderness 
Apical slenderness was present in 9.1% (4/44) of MB roots, 13.6% (6/44) of DB roots, 15.9% 
(7/44) of MP roots, and 9.1% (4/44) of DP roots. ANOVA again revealed no statistically significant 
differences in the frequency of apical slenderness among these four roots (P = 0.652). There were 
no statistically significant differences (P > 0.05) between the second and the third PMMs and 
between the left and the right PMMs. 
5.2.1.15. Root fractures 
We noted that root fractures were present in 13.6% (6/44) of teeth: 0% (0/18) of the second PMMs 
and 23% (6/26) of the third PMMs. There were no statistically significant differences (P > 0.05) 
between the left and the right PMMs. However, the third PMMs had statistically significantly more 
root fractures than the second PMMs (P = 0.026; Fisher's exact test). No root fractures were present 
on 44 PMMs with one palatal root. 
5.2.1.16. Hypercementosis 
Hypercementosis was present in 15.9% (7/44) of PMMs with SPR. Right teeth (7/28) were 
statistically significantly more frequently affected than left teeth (0/16) (P = 0.037, Fisher's exact 
test). There were no statistically significant differences (P > 0.05) between the second and the third 
PMMs. No hypercementosis was present on 44 PMMs with one palatal root.  
49 
  
5.3.1. Internal morphology of extracted PMMs with SPR 
 
5.3.1.1. The root canal systems in extracted PMMs with SPR 
The analysis of the root canal systems revealed a complex morphology (Table 5). The most 
complex morphology was observed in the fused roots. The frequency of MB2 root canal, lateral 
canals, and teeth with long oval canals were 56.8% (25/44), 11.4% (5/11), and 15.9% (7/44), 
respectively. The calculated 95% adjusted Wald CI for the MB2 root canal, lateral canals, and teeth 
with long oval canals is, 23.74% − 51.18%, 4.5% − 24.44%, and 7.61% − 29.69%, respectively.  
Here we present the distribution of PMMs with SPR according to the predicted difficulty of 
endodontic treatment: 
i. 27.3% (12/44) for a low difficulty of treatment (Group I), 
ii. 25.0% (11/44) for a medium difficulty of treatment (Group II), 
iii. 13.6% (6/44) for a difficult treatment (Group III), and 
iv. 34.1% (15/44) for a very difficult endodontic treatment (Group IV). 
Table 5. Root canal anatomy in 44 extracted PMMs with SPR. 
 
 
a long oval canal,b additional lateral canal 
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5.3.1.2. The root canal curvatures in extracted PMMs with SPR 
The ICC indicated excellent inter-examiner reproducibility of the angle measurements; for the 
angle measurements (αMD, αBP, βMD, βBP) the ICC value was 0.94 (95% CI lower bound 0.925 
and upper bound 0.950), and for the calculated angles (αC) the ICC value was 0.97 (95% CI lower 
bound 0.961 and upper bound 0.975). 
The one-way ANOVA showed that there were statistically significant differences (P < 0.05) 
between primary, secondary, and primary and secondary angles between individual roots (Table 
6). Afterwards, the post-hoc Tukey’s HSD test was used to calculate significant differences 
between the roots. Angle αMD of the MB root was statistically significantly (P < 0.05) greater than 
the αBP angle. Angle αMD of the MP root was statistically significantly (P < 0.05) greater than the 
αBP angle. Angle αC of the MB root was statistically significantly (P < 0.05) greater than the αC 
angle of the DB, MP, and DP root. 
 
Table 6. Curvature angles of the root canals in 44 extracted PMMs with SPR. 
 
   Curvature angles of the MB (MB1) root canal 
   
the angle in the       
MD plain 
the angle in the        
BP plain 
calculated angle* 
     αMD1 βMD αBP1 βBP αC3 βC 
17 and 27 
mean(SD) (degrees) 35(14) 16(23) 24(16) 11(22) 43(13) 23(24) 
severe 
curves (%) 
20 degrees# 89 33 67 28 100 61 
35 degrees 39 17 17 11 72 22 
18 and 28 
mean(SD) (degrees) 38(19) 10(17) 25(22) 9(23) 46(21) 16(26) 
severe 
curves (%) 
20 degrees# 92 27 58 19 96 35 
35 degrees 54 8 19 8 65 15 
 
   Curvature angles of the DB (DB1) root canal 
   
the angle in the       
MD plain 
the angle in the        
BP plain 
calculated angle* 
   αMD βMD αBP βBP αC βC 
17 and 27 
mean(SD) (degrees) 24(8) 7(13) 17(12) 6(14) 29(10) 11(17) 
severe 
curves (%) 
20 degrees# 67 16 33 11 78 22 
35 degrees 6 11 11 6 17 11 
18 and 28 
mean(SD) (degrees) 29(17) 6(13) 24(16) 8(27) 37(18) 13(29) 
severe 
curves (%) 
20 degrees# 81 12 62 12 85 19 







   Curvature angles of the MP (MP1) root canal 
   
the angle in the       
MD plain 
the angle in the        
BP plain 
calculated angle* 
     αMD2 βMD αBP2 βBP αC βC 
17 and 27 
mean(SD) (degrees) 22(14) 8(15) 22(14) 13(20) 31(15) 15(21) 
severe 
curves (%) 
20 degrees# 61 17 67 28 78 39 
35 degrees 17 6 22 11 50 11 
18 and 28 
mean(SD) (degrees) 30(17) 13(18) 20(15) 23(31) 35(17) 28(31) 
severe 
curves (%) 
20 degrees# 73 23 50 38 81 50 
35 degrees 42 19 19 23 54 31 
 
   Curvature angles of the DP (DP1) root canal 
   
the angle in the       
MD plain 
the angle in the        
BP plain 
calculated angle* 
   αMD βMD αBP βBP αC βC 
17 and 27 
mean(SD) (degrees) 19(15) 14(17) 24(20) 10(20) 34(17) 20(22) 
severe 
curves (%) 
20 degrees# 44 39 50 17 83 44 
35 degrees 11 17 28 17 39 28 
18 and 28 
mean(SD) (degrees) 18(18) 11(16) 12(14) 21(24) 22(20) 25(25) 
severe 
curves (%) 
20 degrees# 42 23 31 35 54 46 
35 degrees 15 15 12 31 31 38 
 
*
curvatures above 20 degrees (Gu et al., 2010)
α α angle  the MB canal  significally (p<0.05) greater than  angle  the DB, MP and DP canalsof was of3
#





5.3.1.2. The inter-orifice distances and divergence of the root canals in extracted PMMs with SPR 
There was a pronounced divergence of the mesiobuccal and distobuccal canals at the orifice level, 
which almost disappeared toward the middle third of the root canals (Figure 8). The average angle 
between the mesiobuccal and distobuccal root canal at the orifice level was 43.5 (SD = 14.4) 
degrees. Maximum angle was +79.0 degrees, and the minimal angle was +13.5 degrees. The 
average angle between the mesiobuccal and distobuccal root canal at the middle third of the root 
canals was 10.9 (SD = 13.7) degrees. Maximum angle was +55.5 degrees, and the minimal angle 
was -12.0 degrees. 
There was also a pronounced divergence of the mesiopalatal and distopalatal canals at the orifice 
level; however, the pronounced divergence was also present in the middle third of the root canals 
(Figure 8). The average angle between the mesiopalatal and distopalatal root canal at the orifice 
level was 39.3 (SD = 15.7) degrees. Maximum angle was +85.0 degrees, and the minimal angle 
was 0.0 degrees. The average angle between the mesiopalatal and distopalatal root canal at the 
middle third of the root canals was 25.5 (SD = 15.7) degrees. Maximum angle was +58.5 degrees, 
and the minimal angle was -9.0 degrees.  
There were no statistically significant differences in the divergence of the buccal and palatal root 
canals between the second and third PMMs (P > 0.05, independent samples t-test). The palatal root 
canals were statistically significantly more divergent in the middle third of the root canals than the 
buccal root canals (P < 0.05, paired samples t-test). 
The average inter-orifice distance between the mesiobuccal and distobuccal orifice was 2.74 (SD 
= 0.85) mm and 2.20 (SD = 0.50) mm for the second and third PMMs, respectively. The difference 
between the second and third PMMs was statistically significant (P = 0.02, independent samples t-
test). 
The average inter-orifice distance between the mesiopalatal and distopalatal orifice was 4.12 (SD 
= 1.01) mm and 3.41 (SD = 1.18) mm for the second and third PMMs, respectively. The difference 
between the second and third PMMs was statistically significant (P = 0.047, independent samples 
t-test). 
The average inter-orifice distance between the distobuccal and distopalatal orifice was 4.41 (SD = 
0.94) mm and 3.76 (SD = 0.85) mm for the second and third PMMs, respectively. The difference 




The average inter-orifice distance between the mesiobuccal and mesiopalatal orifice was 5.21 (SD 
= 1.43) mm and 4.88 (SD = 1.24) mm for the second and third PMMs, respectively. The difference 
between the second and third PMMs was not statistically significant (P = 0.43, independent samples 
t-test). 
In the second PMMs, the distobuccal orifice was placed buccally relative to the mesiobuccal orifice 






Figure 8. Graphical presentation of inter-orifice distances and divergence of root canals for a 
second (A) and third PMMs with SPR (B). Mean value, 1SD and 2SD are represented in black, 
dark grey and light grey, respectively. The asterisk (*) and number sign (#) represent statistically 




6. A retrospective clinical study of PMMs with SPR using CBCT 
 
6.1. Materials and Methods 
6.1.1. CBCT analysis 
We retrospectively analysed PMMs and PMPs on maxillary dental arch or full mouth CBCT scans 
belonging to 1173 dental patients. All the CBCT scans were made for reasons other than diagnosing 
SNRs in the upper jaw. CBCT images were accessed from the Križaj Dental Clinic database. The 
CBCT scans were made with the Orthophos XG3D machine (Sirona, Bensheim, Germany). FOV 
measured 5.5 cm × 8.0 cm and 8.0 cm × 8.0 cm for the upper jaw and full mouth scans, respectively. 
The voxel size was 160 μm. The scans were analysed with Galileos Implant imaging software (v 
1.9.2) on a 31.5-inch Samsung S32F351FUU LCD screen with a resolution of 1920 × 1080 pixels 
in a darkroom. The contrast and brightness of the images were adjusted using the image processing 
tool in the software to ensure optimal visualisation of the scan. 
 
6.1.2. A new system for classifying the external root morphology in permanent maxillary teeth 
While predominantly focusing on crown traits, ASUDAS also scores the number of roots in certain 
tooth types (double-rooted mandibular canines, maxillary premolar root number, Tomes’ root, one- 
and two-rooted maxillary molars, and mandibular molar root number) (Turner II et al., 1991). The 
root components should be divided for no less than one-fourth of the total root length to be scored 
as two separate roots. The type and level of root fusion are not scored. Moreover, radix entomolaris 
is the only SNR included in the ASUDAS. Therefore, we decided to develop a more comprehensive 
and precise classification for scoring the external root morphology (Figure 9). The new 
classification codes three separate components: the number of roots, the type of root fusion, and 
the level of fusion. It can be adopted for all maxillary permanent teeth; including incisors and 
canines. 
In PMP without root fusion, the length of the root trunk (i.e. the length of the undivided portion of 
the root complex) was equal to or shorter than one half of the total length of the roots. In PMP with 
root fusion, the furcation can be: (i) in the apical half of the roots but ≥ 1.0 mm from the apex or 
(ii) in the apical half of the roots but < 1.0 mm from the apex. In PMMs without root fusion, the 
length of the root trunk was equal to or shorter than one-third of the total length of the roots. In 
PMMs with root fusion, the furcation can be (i) in the middle third of the roots, (ii) in the apical 
third of the roots but ≥ 1.5 mm from the apex or (iii) in the apical third of the roots but < 1.5 mm 
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from the apex. Whenever the furcation was exactly between two levels, a lower degree of root 
fusion was assumed.  
PMPs and PMMs were coded according to the following criteria (Figure 9): 
A1 − Three roots (mesiobuccal, distobuccal, and palatal root) which are separate for at least two-
thirds of the root length (no root fusion). 
A2 – Three roots (mesiobuccal, distobuccal, and palatal root), fused mesiobucccal and distobuccal 
root with a bifurcation in the middle third of the roots.  
A3 – Three roots (mesiobuccal, distobuccal, and palatal root), fused mesiobucccal and distobuccal 
root with a bifurcation in the apical third of the roots, but not closer than 1.5 mm from the apex. 
A4 – Two roots (completely fused mesiobuccal and distobuccal root and a separate palatal root), 
fused mesiobucccal and distobuccal root with a bifurcation in the apical third of the roots, closer 
than 1.5 mm from the apex. The fused root is flattened in cross-section and harbours more than one 
root canal. 
B2 – Three roots (mesiobuccal, distobuccal, and palatal root), fused mesiobucccal and palatal root 
with a bifurcation in the middle third of the roots. 
B3 – Three roots (mesiobuccal, distobuccal, and palatal root), fused mesiobucccal and palatal root 
with a bifurcation into the apical third of the roots but not closer than 1.5 mm from the apex. 
B4 – Two roots; (completely fused mesiobuccal and palatal root and a separate distobuccal root), 
fused mesiobucccal and palatal root with a bifurcation in the apical third of the roots, closer than 
1.5 mm from the apex. The fused root is flattened in cross-section and harbours more than one root 
canal. 
C2 – Three roots (mesiobuccal, distobuccal, and palatal root), fused distobucccal and palatal root 
with a bifurcation in the middle third of the roots. 
C3 – Three roots (mesiobuccal, distobuccal, and palatal root), fused distobucccal and palatal root 
with a bifurcation in the apical third of the roots, but not closer than 1.5 mm from the apex.  
C4 – Two roots (completely fused distobuccal and palatal root and a separate mesiobuccal root), 
fused distobucccal and palatal root with a bifurcation in the apical third of the roots, closer than 1.5 
mm from the apex. The fused root is flattened in cross-section and harbours more than one root 
canal. 
D2 – Three roots (mesiobuccal, distobuccal, and palatal root), all three roots fused with furcation 
in the middle third of the roots. 
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D3 – Three roots (mesiobuccal, distobuccal, and palatal root), all three roots fused with furcation 
in the apical third of the roots, but not closer than 1.5 mm from the apex.  
D7 – One root (completely fused mesiobuccal, distobuccal, and palatal root), all three roots fused 
with furcation in the apical third of the roots, closer than 1.5 mm from the apex.  
E5 – Two roots (completely fused mesiobuccal and distobuccal root, and palatal root). The fusion 
between completely fused mesiobuccal and distobuccal roots (corresponding to code A4) and 
palatal root with a bifurcation in the apical third of the roots, but not closer than 1.5 mm from the 
apex. This code is similar to code A4 only with the additionally fused palatal root. Teeth with the 
described additional palatal root fusion to the level of the middle third of the root length are scored 
as A4. 
B5 – Two roots (completely fused mesiobuccal and palatal root, and distobuccal root). The fusion 
between completely fused mesiobuccal and palatal roots (corresponding to code B4) and 
distobucccal root with a bifurcation in the apical third of the roots, but not closer than 1.5 mm from 
the apex. This code is similar to code B4 only with the additionally fused distobucccal root. The 
teeth with the described additional distobuccal root fusion to the level of the middle third of the 
root length are scored as B4. 
C5 – Two roots (completely fused distobuccal and palatal root, and mesiobuccal root). The fusion 
between completely fused distobuccal and palatal roots (corresponding to code C4) and 
mesiobuccal root with a bifurcation in the apical third of the roots, but not closer than 1.5 mm from 
the apex. This code is similar to code C4 only with the additionally fused mesiobuccal root. The 
teeth with the described additional mesiobuccal root fusion to the level of the middle third of the 
root length are scored as C4. 
A5 – Two roots (buccal and palatal root). No root fusion is present; roots separate for at least one 
half of the root length. The roots are oval to round in cross-section and harbour one root canal. 
A6 – Two roots (buccal and palatal root). Roots are separate for less than one half of the root length 
with bifurcation not closer than 1 mm from the apex.  
A7 – One root (fused buccal and palatal root), bifurcation closer than 1 mm from the apex. The 
root is flattened in cross-section and harbours more than one root canal. 
A8 – One root. The root is oval to round in cross-section and harbours one root canal. 
A9 – Rudimentary root. 
A10 – Missing tooth. 
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Q – The tooth is present, but the root morphology cannot be evaluated (scattering, partial cut from 
the view, etc.). 
Y – The number of roots is more than three due to the splitting of the regular root Codes YM and 
YD indicate splitting of the mesiobuccal and distobuccal root, respectively.  
X – Number of roots more than three due to the presence of one or more SNRs. The following 
codes are used: X2P (radix mesiolingualis or radix distolingualis), XRB (radix paramolaris), XRD 
(radix distomolaris), and XRM (radix mesiomolaris). 
According to this system, three-rooted PMMs have numbers 1, 2 or 3 in their code (e.g. A1, A2, 
A3, B2, B3, C2, C3, D2, and D3). Two-rooted PMPs and PMMs have numbers 4, 5, or 6 in their 
code (e.g. A4, A5, A6, B4, B5, C4, C5, and E5). Single-rooted PMPs and PMMs have numbers 7 
or 8 in their code (A7 and A8). PMMs with more than three roots are classified as either Y or X. 
The codes A2, A3, and A4, indicate different levels of root fusion between the mesiobuccal and 
distobuccal root. The codes B2, B3, and B4, indicate different levels of root fusion between the 
mesiobuccal and palatal root. The codes C2, C3, and C4, indicate different levels of root fusion 
between the distobuccal and palatal root. Moreover, the codes D2, D3, and D7 indicate different 
levels of root fusion among the mesiobuccal, distobuccal, and palatal root. 
 
6.1.3. Data analysis 
We used descriptive statistics to calculate the prevalence of male and female patients, the 
prevalence of enamel pearls, and SNR, etc. Additionally, the PMMs with SPR were analysed for 
distinguishing morphological traits and root morphology. Where appropriate, the Pearson’s chi-
square Test, Fisher’s exact test, Freeman-Halton extension of the Fisher exact probability test, 
paired samples t-test, or one-way ANOVA followed by the post-hoc Tukey’s HSD test was used 
to determine if there were statistically significant differences in the occurrence of traits between 
the left and right side and between first, second, and third PMMs. A P value of < 0.05 was 
considered significant for all tests. Data analysis was performed utilising the SPSS computer 
software (v 23.0, IBM). A Freeman-Halton extension of the Fisher exact probability test for a two-
rows by three-columns (Freeman and Halton, 1951) was calculated with a contingency table 
calculator available on http://vassarstats.net/fisher2x3.html. The 95% Adjusted Wald CI was 






Figure 9. Diagrammatic representation of the new system for classifying the external root 






In a group of 1173 patients, there were 565 (48%) males and 608 (52%) females; male vs female 
ratio was 0.93:1. Their age was between 13 and 90 years, with a mean age 46.1 (SD 14.1) years. 
The mean age (SD) was 45.4 (14.1) years and 46.6 (14.0) years for male and female patients, 
respectively (Figure 10). 
 









On CBCT scans we observed a total of 8169 PMPs and PMMs. The external root morphology of 
two (<0.1%) PMPs and 91 (2.0%) PMMs could not be evaluated because the roots were outside 
the scanning field or their image was distorted beyond recognition due to scattering. Therefore, we 
evaluated the external root morphology in 8076 teeth (4515 PMMs and 3561 PMPs) (Table 7). An 
average number of analysed PMPs and PMMs per patient was 3.04 (SD 1.21) and 3.85 (SD 1.73), 
respectively. 
Table 7. The type and number of teeth analysed on CBCT images. 
  right PMMs right PMPs left PMPs left PMMs 
Tooth number 
(FDI notation) 
18 17 16 15 14 24 25 26 27 28 
Number of 
analyzed teeth 
565 923 773 864 929 918 850 769 906 579 
Total 2261 1793 1768 2254 
Total 4054 4022 
 
Tooth number (FDI notation) 18 and 28 17 and 27 16 and 26 15 and 25 14 and 24 
Number of analysed teeth 1144 1829 1542 1714 1847 
Total 4515 3561 
 
6.2.3. Missing PMPs and PMMs 
 
24.1% (1129/4692) of PMPs and 34.6% (2432/7038) of PMMs were missing. An average number 
of missing PMMs and PMPs per patient was 3.04 (SD 2.63) (Figure 11); 2.95 (SD 2.58) per male 
patient and 3.11 (SD 2.68) per female patient. An average number of missing PMPs per patient 
was 0.96 (SD 1.21), and the average number of missing PMMs was 2.07 (SD 1.75). In PMMs the 
third PMMs were most commonly missing with 48.29% (the calculated 95% Adjusted Wald CI 
was 46.28%−50.32%), followed by the first PMMs with 34.02% (the calculated 95% Adjusted 
Wald CI was 32.12%−35.96%), and second PMMs with 21.36% of missing teeth (the calculated 
95% Adjusted Wald CI was 19.74%−23.06%). There was a statistically significant difference in 
the numbers of missing first, second, and third PMMs (P < 0.001, Pearson’s chi-square test and 
Fisher's exact test).  
There were no statistically significant differences (P > 0.05, Independent Samples t-Test) between 











Figure 11. Distribution 
of patients according to 
the number of missing 
PMPs and PMMs (Code 
A10) per patient. 
 
 
6.2.4. External root morphology of PMPs 
The results are summarised in more detail in Tables 8 to 13.  
The most common root morphological type of first PMPs was A8 with 42% of analysed teeth, 
followed by A5 with 30% and A6 with 24% (Table 11). Type A8 was also most common on the 
second PMPs with 90% of analysed teeth, followed by the type A6 with 8%. In the first and second 
PMPs, there was a left-right symmetry in the occurrence of morphological types (P > 0.05, 
Pearson’s chi-square test) (Table 10). There was a statistically significant difference between the 
first and second PMPs in the types A1, A4, A5, A6 and A8 (P < 0.05). The three rooted PMPs were 
statistically significantly more common on the first PMPs (P < 0.001, Pearson’s chi-square test). 
 
6.2.5. External root morphology of PMMs 
The most common root morphological type of first PMMs was A1 with 87% of analysed teeth, 
followed by C4 with 7%. Type A1 was also most common in second PMMs with 61% of analysed 
teeth, followed by the type B4 with 8%, D7 with 6%, and B2 with 5%. In the third PMMs, the most 
common root morphological types were D7 with 27% of analysed teeth and A1 with 26%, followed 
by A8 with 9%, and C4 with 6%. The third PMM was the only tooth exhibiting all morphological 
types of the root, except type B5. The second PMMs with SPR (Type X2P) was statistically 
significantly more prevalent on the right than on the left side (P = 0.046, Pearson’s chi-square test; 
P = 0.038, Fisher's exact test). There was also a statistically significant difference in the prevalence 
of left and right second PMMs with root morphology of Types A2 and A4 (P < 0.05, Pearson’s 
chi-square Test and 0.038, Fisher's exact test), however, based on the high symmetry in close types 
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A1 and A3, this is probably only a type I statistical error. There was a statistically significant 
difference between first, second, and third PMMs in the combination of types A2+A3+A4+E5, 
B2+B3+B4+B5, and C2+C3+C4+C5 (P < 0.0001, Pearson’s chi-square Test).  
 
Table 8. The frequency (%) of radicular morphological types in PMPs and PMMs. Tooth notation 
follows FDI-system. 
  18 17 16 15 14 24 25 26 27 28 
A1 24.07 61.00 87.45 0.35 1.61 1.74 0.12 87.13 61.15 27.63 
A2 0.71 0.87 0.00 0.00 0.11 0.00 0.00 0.00 0.00 1.38 
A3 0.18 0.33 0.00 0.35 0.43 0.54 0.24 0.00 0.22 0.52 
A4 4.78 2.38 0.52 0.35 1.94 0.87 0.24 1.04 4.08 3.97 
E5 0.00 0.54 0.00 0.00 0.00 0.00 0.00 0.13 0.77 0.35 
B2 1.24 5.31 0.00 0.00 0.00 0.00 0.00 0.26 4.97 0.69 
B3 1.06 4.98 0.00 0.00 0.00 0.00 0.00 0.13 4.64 1.38 
B4 2.83 8.67 0.52 0.00 0.00 0.00 0.00 0.26 7.95 1.90 
B5 0.00 0.00 0.00 0.00 0.11 0.00 0.00 0.00 0.00 0.00 
C2 0.53 0.43 2.20 0.00 0.00 0.00 0.00 1.69 0.22 0.35 
C3 0.88 0.43 1.81 0.00 0.00 0.00 0.00 1.69 0.99 1.04 
C4 6.02 0.43 7.24 0.00 0.00 0.00 0.00 7.28 0.55 6.56 
C5 1.77 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.22 1.21 
D2 0.88 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.35 
D3 2.48 0.11 0.00 0.00 0.11 0.00 0.00 0.00 0.11 1.90 
D7 29.20 6.39 0.13 0.12 0.00 0.11 0.12 0.13 6.51 24.87 
A5 0.00 0.22 0.00 1.39 31.32 29.41 2.12 0.00 0.22 0.17 
A6 1.77 1.84 0.00 8.56 23.04 24.95 6.82 0.00 2.10 2.25 
A7 2.83 2.06 0.00 0.00 0.00 0.11 0.00 0.00 2.32 3.45 
A8 9.03 0.98 0.00 88.89 41.33 42.27 90.35 0.00 1.10 9.84 
A9 2.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.28 
Y 4.78 0.22 0.00 0.00 0.00 0.00 0.00 0.00 0.44 3.45 
X 2.83 2.71 0.13 0.00 0.00 0.00 0.00 0.26 1.32 3.45 
A10 48.93 20.89 33.93 26.26 20.80 21.74 27.45 34.10 21.82 47.66 





Table 9. Modification of Table 5 with deleted zero values and with frequencies equal to or 
exceeding 5% marked in grey. 
 
  18 17 16 15 14 24 25 26 27 28 
A1 24 61 87 < 1 2 2 < 1 87 61 28 
A2 < 1 < 1    < 1      1 
A3 < 1 < 1   < 1 < 1 < 1 < 1  < 1 < 1 
A4 5 2 < 1 < 1 2 < 1 < 1 1 4 4 
E5   < 1           < 1 < 1 < 1 
B2 1 5         < 1 5 < 1 
B3 1 5         < 1 5 1 
B4 3 9 < 1       < 1 8 2 
B5         < 1           
C2 < 1 < 1 2       2 < 1 < 1 
C3 < 1 < 1 2       2 1 1 
C4 6 < 1 7       7 < 1 7 
C5 2 < 1             < 1 1 
D2 < 1           < 1 < 1 
D3 2 < 1    < 1     < 1 2 
D7 29 6 < 1 < 1   < 1 < 1 < 1 7 25 
A5  < 1   1 31 29 2  < 1 < 1 
A6 2 2   9 23 25 7  2 2 
A7 3 2      < 1    2 3 
A8 9 1   89 41 42 90  1 10 
A9 2                 3 
Y 5 < 1          < 1 3 
X 3 3 < 1         < 1 1 3 
A10 49 21 34 26 21 22 27 34 22 48 







Table 10. Comparison of the external root morphology in left and right PMPs and PMMs 
(Pearson’s chi-square test). The statistically significant differences (P < 0.05) are marked in grey. 
 
  14 vs. 24 15 vs. 25 16 vs. 26 17 vs. 27 18 vs. 28 
A1 0.8315 0.3253 0.9455 0.9670 0.2362 
A2 0.3202 NA NA 0.0051 0.2660 
A3 0.7254 0.6679 NA 0.6698 0.3293 
A4 0.0535 0.6679 0.2445 0.0429 0.5142 
E5 NA NA 0.3161 0.5421 0.1624 
B2 NA NA 0.1562 0.7471 0.3446 
B3 NA NA 0.3161 0.7344 0.6250 
B4 NA NA 0.4179 0.5931 0.3049 
B5 0.3202 NA NA NA NA 
C2 NA NA 0.4739 0.4273 0.6351 
C3 NA NA 0.8580 0.1555 0.7941 
C4 NA NA 0.9781 0.7179 0.7132 
C5 NA NA NA 0.5529 0.4365 
D2 NA NA NA 0.3128 0.2435 
D3 0.3144 NA NA 0.9895 0.5085 
D7 0.3144 0.9908 0.9971 0.9196 0.1586 
A5 0.4559 0.2542 NA 0.9852 0.3232 
A6 0.4020 0.1940 NA 0.6972 0.5708 
A7 0.3144 NA NA 0.7076 0.5530 
A8 0.7570 0.7489 NA 0.6094 0.6526 
A9 NA NA NA NA 0.2344 
YM NA NA NA 0.4013 0.2603 
YD NA NA NA NA 0.5494 
X2P NA NA 0.5607 0.0412 0.6378 
XRP NA NA NA 0.3310 0.3056 





Table 11. Modification of Table 9 with left and right teeth of the same tooth class grouped. 
Frequencies equal to or exceeding 5% are marked in grey. 
 
  14 and 24 15 and 25 16 and 26 17 and 27 18 and 28 
A1 2 < 1 87 61 26 
A2 < 1    < 1 1 
A3 < 1 < 1  < 1 < 1 
A4 1 < 1 < 1 3 4 
E5     < 1 < 1 < 1 
B2    < 1 5 1 
B3    < 1 5 1 
B4    < 1 8 2 
B5 < 1         
C2    2 < 1 < 1 
C3    2 < 1 1 
C4    7 < 1 6 
C5       < 1 1 
D2     < 1 < 1 
D3 < 1    < 1 2 
D7 < 1 < 1 < 1 6 27 
A5 30 2  < 1 < 1 
A6 24 8  2 2 
A7 < 1    2 3 
A8 42 90  1 9 
A9         3 
Y     < 1 4 
X     < 1 2 3 
A10 21 27 34 21 48 





Table 12. Pair-wise comparison of the external root morphology in PMMs (Pearson’s chi-square 
test). The statistically significant differences (P < 0.05) are marked in grey. 
 
  First vs Second PMPs First vs Second PMMs Second vs Third PMMs 
A1 0.0000 0.0000 0.0000 
A2 0.2992 0.0094 0.0479 
A3 0.2264 0.0401 0.7130 
A4 0.0001 0.0000 0.1127 
E5 NA 0.0059 0.0628 
B2 NA 0.0000 0.0000 
B3 NA 0.0000 0.0000 
B4 NA 0.0000 0.0000 
B5 0.3354 NA NA 
C2 NA 0.0000 0.6345 
C3 NA 0.0057 0.4590 
C4 NA 0.0000 0.0000 
C5 NA 0.1118 0.0000 
D2 NA 0.3585 0.0044 
D3 0.3354 0.1941 0.0000 
D7 0.5206 0.0000 0.0000 
A5 0.0000 0.0663 0.3957 
A6 0.0000 0.0000 0.9367 
A7 0.2992 0.0000 0.1112 
A8 0.0000 0.0001 0.0000 
A9 NA NA 0.0000 
YM NA NA 0.0000 
X2P NA 0.0003 0.0064 
XRP NA 0.0059 0.5677 





Table 13. Estimated frequency of the individual root types in the population of Slovenia (95% 
adjusted Wald CI) Tooth notation follows FDI-system. Frequencies equal to or exceeding 5% are 
marked in grey. 
  14 and 24 15 and 25 16 and 26 17 and 27 18 and 28 
A1 1.18% - 2.38% 0.07% - 0.62% 85.53% -88.86% 58.81% - 63.28% 23.42% - 28.49% 
A2 0% - 0.34% 0% - 0.19% 0% - 0.21% 0.21% - 0.88% 0.58% - 1.85% 
A3 0.24% - 0.94% 0.1% - 0.7% 0% - 0.21% 0.1% - 0.66% 0.1% - 0.93% 
A4 0.95% - 2.06% 0.1% - 0.7% 0.43% - 1.37% 2.5% - 4.14% 3.32% - 5.73% 
E5 0% - 0.18% 0% - 0.19% 0% - 0.41% 0.36% - 1.16% 0% - 0.68% 
B2 0% - 0.18% 0% - 0.19% 0% - 0.5% 4.21% - 6.25% 0.52% - 1.74% 
B3 0% - 0.18% 0% - 0.19% 0% - 0.41% 3.92% - 5.9% 0.71% - 2.06% 
B4 0% - 0.18% 0% - 0.19% 0.16% - 0.87% 7.13% - 9.67% 1.61% - 3.43% 
B5 0% - 0.34% 0% - 0.19% 0% - 0.21% 0% - 0.18% 0% - 0.28% 
C2 0% - 0.18% 0% - 0.19% 1.36% - 2.77% 0.13% - 0.73% 0.15% - 1.05% 
C3 0% - 0.18% 0% - 0.19% 1.2% - 2.55% 0.4% - 1.23% 0.52% - 1.74% 
C4 0% - 0.18% 0% - 0.19% 6.07% - 8.67% 0.24% - 0.95% 5.02% - 7.86% 
C5 0% - 0.18% 0% - 0.19% 0% - 0.21% 0.03% - 0.51% 0.91% - 2.39 
D2 0% - 0.18% 0% - 0.19% 0% - 0.21% 0% - 0.34% 0.27% - 1.29% 
D3 0% - 0.34% 0% - 0.19% 0% - 0.21% 0% - 0.43% 1.47% - 3.22% 
D7 0% - 0.34% 0% - 0.45% 0% - 0.5% 5.41% - 7.68% 24.52% - 29.66% 
A5 28.32% - 32.51% 1.22% - 2.5% 0% - 0.21% 0.06% - 0.58% 0% - 0.55% 
A6 22.09% - 25.99% 6.53% - 9.06% 0% - 0.21% 1.42% - 2.72% 1.33% - 3.01% 
A7 0% - 0.34% 0% - 0.19% 0% - 0.21% 1.6% - 2.97% 2.27% - 4.34% 
A8 39.57% - 44.06% 88.08% - 90.97% 0% - 0.21% 0.65%, 1.63% 7.87% - 11.28% 
A9 0% - 0.18% 0% - 0.19% 0% - 0.21% 0%, 0.18% 1.9% -3.83% 
Y 0% - 0.18% 0% - 0.19% 0% - 0.21% 0.13%, 0.73% 3.09% - 5.43% 





6.2.6. Enamel pearls 
No enamel pearls were observed on PMPs. They were observed in 0.91% of PMMs (41 PMMs 
with a total of 49 enamel pearls) (Table 14). A total of 31 patients (2.64%) had enamel pearls. The 
calculated 95% adjusted Wald CI for enamel pearls in the population was 1.85%−3.74%.  
Table 14. Frequency of enamel pearls (EP) on PMMs. 
  18 17 16 26 27 28 16 and 26 17 and 27 18 in 28 all PMMs 
No. of PMMs with EPs 10 12 0 0 8 11 0 20 21 41 
No. of EPs 13 14 0 0 10 12 0 24 25 49 
% of PMMs with EPs  2.04 1.30 0.00 0.00 0.01 0.02 0.00 1.09 1.84 0.91 
Estimated % of teeth 
with EPs in the 
population (95% 























1.26% (14/1111) of patients without SNR on PMMs had enamel pearls whereas 27.42% (17/62) of 
patients with at least one SNR on PMMs had enamel pearls. 0.52% (23/4439) of PMM without 
SNR had enamel pearls whereas 23.68% (18/76) of PMM with SNR and 27.59% (16/58) of PMMs 
with SPR had enamel pearl. The difference between patients with and without enamel pearls and 
teeth with and without enamel pearls was statistically significant (P < 0.001, Pearson’s chi-square 
test and Fisher's exact test).  
The enamel pearls were most commonly located on the distal tooth surface (43% or 21/43) (Table 
15). If the enamel pearl was located on the palatal or interradicular aspect of the palatal root, the 
tooth always had SPR. 85% (35/41) of teeth had one enamel pearl, 12% (5/41) of teeth had two 
enamel pearls, and 2.4% (1/41) of teeth had three enamel pearls. 
Table 15. Positional distribution of enamel pearls on PMMs. 
 Buccal Mesial Distal Palatal* Palatal-
interradicular* SUM 
Number of EP 2 14 21 8 4 49 
% of surfaces 4 29 43 16 8 100 
      




6.2.7. Splitting of the roots (code Y) 
4.35% (51/1173) of patients had splitted mesiobuccal and/or distobuccal root on at least one PMM 
(Figure 12 and 13, Table 16). The calculated 95% adjusted Wald CI for the splitting of the regular 
roots in the population was 3.31%−5.68%.  
The mesiobuccal root was the most commonly splitted, representing 96% (51/53) of teeth with 
splitted roots (Table 16). There were only three teeth (5.6% or 3/53) with splitted distobuccal root; 
one of them also had a splitted mesiobuccal root. All splitted distobuccal roots were found in third 
PMMs. There were no statistically significant differences (P > 0.05, Pearson’s chi-square test and 
Fisher's exact test) between left and right PMMs for any type of split. The splitted mesiobuccal 
root was found in 3.9% (45/1144) of third PMMs and 0.3% (6/1829) of second PMMs (P < 0.001, 
Pearson’s chi-square test and Fisher's exact test). 








Figure 13. The third PMM with splitted distobuccal root. 
 
 
Table 16. Frequency of root splitting in PMMs. 
Splitted root (location) 
 
MB root MB and DB root DB root Total 
No. of patients 48 1 2 51 
% of patients 4.09 0.09 0.17 4.35 
95% adjusted Wald CI 3.09% - 5.39% 0% - 0.53% 0% - 0.66% 3.31% - 5.68% 
No. of teeth 50 1 2 53 
% of teeth 1.13 0.29 0.68 1.19 




6.2.8. SNRs (code X) 
5.29% (62/1173) of patients had at least one SNR in the upper jaw. 3.84% (45/1173) of patients 
had PMMs with SPR (Figure 14 A), and 1.62% (19/1173) of patients had PMMs with other types 
of SNR (Figures 14 B-D and Figure 15). 1.71% (76/4439) of PMMs had at least one SNR (Table 
17). 1.26% (58/4439) of PMMs had SPR, and 0.45% (20/4439) of PMMs had other types of SNR. 
(Table 13) 
RP was observed in 12 (0.94%) patients and 13 teeth (0.29%). There were nine second and four 
third PMMs with RP (P = 0.26, Fisher's exact test). There were nine right, and four left PMMs with 
RP (P = 0.26, Fisher's exact test). In two PMMs radix paramolaris was not the only SNR. 
 
Table 17. The number, frequency and location of SNR in a cohort of 1173 dental patients evaluated 
using CBCT. The second table shows the sum of teeth with palatal (i.e. SPR), buccal (i.e. RP) and 











Buccal Distal Mesial Distobuccal SUM 
No. of patients 43 1 1 10 3 3 1 62 















0% - 0.53% 
4.14%, 
6.73% 
No. of teeth 56 1 1 11 3 3 1 76 















0% - 0.14% 
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2.14% 
         
SNRs (by 
location) 
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No. of patients 45 12 4      
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No. of teeth 58 13 4      














Figure 14. Representative examples of PMMs with SNRs. (A) The third PMM with a SPR. (B) 
The third PMM with buccally-located SNR radix paramolaris. (C) The second PMM with distally-






























Figure 15. The only case of a distobuccally-located SNR on the left third PMM accompanied by 
the additional distobuccal cusp (parastyle) on the crown. Because of its unusual location, we were 






6.2.9. SPR (code X2P) 
With 72% (45/62) of patients and 76% (58/76) of teeth, the SPR was by far the most common type 
of SNR, affecting 3.84% of the examined patients. The prevalence of SPR on patients was 0.3% 
(2/1173), 1.8% (21/1173), and 2.1% (25/1173), for the first, second, and third PMMs, respectively 
(Table 18). 
60% (27/45) of patients who had PMMs with SPR were male, and 40% (18/45) were female (P > 
0.05). Mean age at the time when CBCT was performed was 40.47 (SD = 10.10) and 39.53 (SD = 
9.08) for male and female patients, respectively.  
Among the PMMs with SPR, there was 53.4% (31/58) third PMMs, 41.4% (24/58) second PMMs, 
and 5.2% (3/58) first PMMs; all of these differences were statistically significant (P < 0.001, 
Fisher's exact test). The prevalence of SPR for the first, second, and third PMMs, was 0.2% 
(3/1542), 1.3% (24/1829), and 2.7% (31/1144), respectively. Among the PMMs with SPR, there 
was 55% (32/58) right teeth, and 45% (26/58) left teeth; there were no statistically significant 
differences between the left and the right side of the jaw (P = 0.27, Pearson’s chi-square Test; P = 
0.35, Fisher’s exact test). However, the difference between the number of left and right second 
PMM was statistically significant; P = 0.004, Pearson’s chi-square Test; P = 0.009, Fisher’s exact 
test (Table 18). 
Table 18. Number and percentage of PMMs with SPR. Tooth notation follows FDI-system. 
 Tooth n % 
16 1 1,7 
17* 17 29,3 
18 14 24,1 
26 2 3,4 
27* 7 12,1 
28 17 29,3 
Total 58 100 
 
n, number of PMMs with SPR; %, percentage of PMMs with SRP from the total or 58 PMMS with SPR; *, statistically 
significant difference (P < 0.05). 
27% (12/45) of the affected patients had more than one PMM with SPR; most commonly the 
contralateral tooth was also affected (20%; 9/45) (Table 19). One patient had three PMMs with 
SPR; teeth with SPR were 18, 27, and 28. As previously stated, in two cases SPR was not the only 
SNR: one tooth also had RP, and one tooth also had RP and RD. In the group of patients with an 
additional SNR present on other teeth, 29% (13/29) of them had one additional SNR, 4.4% (2/29) 
had two additional SNR, and 2.2% (1/29) had three additional SNR. There was a 53 times higher 
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probability for a tooth with SPR to have an enamel pearl, than it was for a tooth with the normal 
number of roots. As previously stated, if the enamel pearl was located on the palatal or 
interradicular aspect of the palatal root, the tooth always had SPR.  
We often observed other traits accompanying the SPR. A total of 51% (23/45) patients with PMMs 
with SPR also had one or more of the following traits: C canals on permanent mandibular molars, 
enamel pearls on other teeth, additional SNRs, supernumerary teeth and double permanent 
maxillary lateral incisor. Three patients (6.8% or 3/44) also had a SNR radix entomolaris on the 
permanent mandibular molars. 
The patients with PMMs with SPR had statistically significantly (P = 0.01) less first PMPs with 
root morphological type A8 (27% of PMPs) than patients without the PMMs with SPR (42% of 
PMPs); there were no statistically significant differences (P > 0.05) in other root morphological 
types of the first and second PMPs. 
 
Table 19. Distribution of 45 patients with more than one PMM with SPR. 
PMM with SPR Frequency Per cent 
Contralateral homonymous tooth 9 20 
Contralateral heteronymous tooth 1 2 
Ipsilateral tooth 1 2 
Ipsilateral and contralateral tooth 1 2 
 
Total for more than one X2P 12 27 
 
6.2.10. CBCT analysis of the external morphology of PMMs with SPR  
 
The crown of PMMs with SPR was statistically significantly wider on the palatal half (mean 
diameter ± SD = 9.30 ± 1.36 mm) than on the buccal half (mean diameter ± SD = 8.66 ± 1.30 mm) 
(P = 0.001, paired samples t-test). There were no statistically significant differences (P = 0.07, 
ANOVA) between the first, second and third PMMs in the buccal crown width. However, the 
palatal crown width was statistically significantly wider on the first PMMs compared to the third 
PMMs, and there was no difference between the crown width of the first and second, and second 
and third PMMs (P > 0.05; Tukey’s HDS). 
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A total of 35% (20/57) PMMs with SPR had palatal enamel extension. The calculated 95% CI for 
palatal enamel extension was 23.96% to 48.1%. It was very difficult to recognize thin enamel 
extensions from the CBCT scans. There were no statistically significant differences (P > 0.05, 
Fisher's exact test) among the first, second and third PMMs in the frequency of the palatal enamel 
extensions. 
A total of 26% (15/58) of PMMs with SPR had enamel pearls. The calculated 95% CI for enamel 
pearls was 16.25% to 38.48%. Contrary to enamel extensions, the enamel pearls were very 
noticeable on the CBCT scans. There were no statistically significant differences (P > 0.05, Fisher's 
exact test) among the first, second and third PMMs in the frequency of the enamel pearls. 
From the CBCT images, we were able to record five out of six distinguishing morphological traits 
which we already confirmed for the extracted teeth and were present only on PMMs with SPR (see 
Section 5.2.1.7). These distinguishing traits include crown wider on the palatal half, double 
Carabelli cusp, thick palatal enamel extension, palatal enamel pearl, and palato-radicular groove 
(Table 20). We have also included an omega-shaped dental arch, which may indeed represent the 
first clue observed by clinician while performing the oral examination (Figure 6 G Section 5.2.1.7; 
Table 20). We decided not to register the pronounced palatal indentation of the crown from the 
CBCT scans, as it was difficult to record this trait from the CBCT scans alone. 
The most frequent morphological trait was crown wider on the palatal half (58.9% (33/56)); this 
was followed by double Carabelli cusp (28.9%; 13/45), omega dental arch (29%; 4/14), palatal 
enamel pearl (20.7%; 12/58), thick palatal enamel extension (17.5%; 10/57), and palato-radicular 
groove (12.3%; 7/57). A statistically significant difference (P < 0.05, Fisher's exact test) concerning 
tooth type (first versus second versus third PMMs) and tooth side (right or left) was not detected 
for any of them (Table 20).  
The number of traits per tooth varied from zero to three. At least one trait was present in 75.3% of 
the examined PMMs with SPR; 32.8% (19/58) had one, 36.2% (21/58) had two, and 10.3% (6/58) 
had three distinguishing morphological traits. There were no statistically significant differences in 
the frequency of the distinguishing morphological traits between the first, second and third PMMs 
(P = 0.53, Pearson’s chi-square test), and between the left and the right PMMs (P = 1.00, Pearson’s 
chi-square Test).  
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Table 20. Prevalence of distinguishing morphological traits in a sample of 58 PMMs with SPR 
evaluated on CBCT scans. 
 
Morphological trait PMMs N n % P value (FET) 
95% Adjusted 
Wald CI 
Crown wider on the 
palatal half 
First 3 3 100.0 
0.2921 
 
Second 22 14 63.6  
Third 31 16 51.6  
Right 31 15 48.4 
0.1030 
 
Left 25 18 72.0   
All 56 33 58.9   45.86% to 70.85% 
Double Carabelli cusp 
First 2 0 0.0 
0.8714 
 
Second 19 5 26.3  
Third 24 8 33.3  
Right 24 9 37.5 
0.2049 
 
Left 21 4 19.0   
All 45 13 28.9   17.63% to 43.47% 
Omega dental arch 
First 3 2 66.7 
0.1758 
 
Second 11 2 18.2  
Third  -   -    
Right 7 2 28.6 
1.0000 
 
Left 7 2 28.7   
All 14 4 28.8   11.33% to 55.05% 
Palatal enamel pearl 
First 3 0 0.0 
0.8747 
 
Second 24 6 25.0  
Third 31 6 19.4  
Right 32 6 18.8 
0.7517 
 
Left 26 6 23.1   
All 58 12 20.7   12.1% to 32.93% 
Thick palatal enamel 
extension 
First 3 0 0.0 
0.1426 
 
Second 23 7 30.4  
Third 31 3 9.7  
Right 31 5 16.1 
0.7339 
 
Left 26 5 19.2   
All 57 10 17.5   9.62% to 29.57% 
Palato-radicular groove 
First 3 0 0.0 
0.7892 
 
Second 23 2 8.7  
Third 31 5 16.1  
Right 31 3 9.7 
0.6906 
 
Left 26 4 15.4   
All 57 7 12.3   5.77% to 23.56% 
 
N, number of examined PMMs; n, number of PMMs with a distinguishing trait; %, percentage of 
PMMs with a distinguishing trait; FET, Fisher's exact test; * statistically significant difference (P 
< 0.05)  
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Because of the root fusion, root splitting and presence of other types of SNRs the number of roots 
ranged from one to six. The majority of teeth had three (35%; (20/57)) and four roots (33%; 
(19/57)). In 43% of teeth (24/56) palatal roots were divergent, in 45% of teeth (25/56) palatal root 
were parallel, and 13% of teeth (7/56) palatal roots were convergent. There were no statistically 
significant differences in the divergence of palatal roots between the right and left side. However, 
post hoc HSD test showed a statistically significant difference (P < 0.05) in the divergence of 
palatal roots between the first PMMs compared to the divergence of second and third PMMs.  
Root fusion between the MB and MP roots was the most common type of root fusion with 73.7% 
(42/57) of roots fused in the level of the middle third of the root or more apically. The ANOVA 
showed statistically significant differences (P < 0.05) in the level of root fusion between the MB 
and MP root and MP and DP root. The fusion between the MB and MP root was statistically 
significantly (P < 0.05, Tukey’s post hoc HSD test) more common in the second and third PMMs 
compared to the first PMMs. Moreover, the fusion between the MP and DP root was statistically 
significantly (P < 0.05, Tukey’s post hoc HSD test) more common in the first PMMs compared to 
second and third PMMs.  
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7. Analysis of the root morphology of PMMs with SPR (extracted teeth and teeth 
evaluated from the patients’ CBCT scans) using two multivariate ordination 
methods 
 
7.1. Materials and Methods 
Analysis of the root morphology of extracted PMMs with SPR and PMMs with SPR discovered 
on the CBCT scans showed that around 70% of teeth could not be classified into Types I−III 
according to Christie et al. (1991), and type IV according to the Baratto-Fiho et al. (2002). To see 
if there is a better way to classify PMMs with SPR, we determined for each PMM with SPR three 
characteristics; type of root fusion (between MB and DB root, between DB and DP root, between 
MP and DP root, and between MB and MP root), level of root fusion (see Figure 5), and divergence 
of palatal roots (divergent, parallel, or convergent). Afterwards, we entered the data into an R 
environment to conduct two multivariate ordination methods. The first is a Non-metric 
Multidimensional Scaling (NMDS) that uses rank orders, an ideal method for categorical data. 
Ordination was conducted using the ecodist package (Goslee and Urban, 2007) (Figure 16). The 
first two axes were considered the most useful so were considered further after the NMDS. These 
data were ordinated with a Principal Component Analysis (PCA) to maximise the variance between 
points and visualised through a scatter plot (Figure 17). The second analysis was a PCA by itself, 
conducted using the FactoMineR package (Le et al., 2008). This was done to compare with the 
ordinated NMDS results using a popular and effective ordination tool. These data were also 
visualised through scatter plots (Figure 16 and 17). 
7.2. Results 
Results are presented in Figures 16 and 17. The plots revealed a high variance in the root 
morphology of PMMs with SPR. Even if we consider nine most common variants of root 
morphology, that would only represent a total of 61.4% of analysed PMM with SPR. There was no 
statistically significant difference (P > 0.05, Fisher’s exact test) between the second and the third 
PMMs in the frequency of nine most common variants of root morphology; only the variant with 
divergent palatal roots and fused mesiobuccal and mesiopalatal root with bifurcation in the middle 
third of the roots was statistically significantly (P = 0.02, Fisher’s exact test) more common on the 
second PMM. The root morphology of all first PMMs with SPR fell outside the area occupied by 
the second and third PMM. The variant with convergent palatal roots and fused mesiopalatal and 
distopalatal root with a bifurcation in the apical third of the roots, closer than 1.5 mm from the 
apex, was statistically significantly (P = 0.0001, Fisher’s exact test) more common on the first 
PMM than on the second and third PMMs. 
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8. A retrospective analysis of clinical cases involving PMMs with SPR 
 
8.1. Materials and Methods 
Since 2010, we treated 15 patients who had a total of 17 PMMs with SPR. Periapical and bitewing 
radiographs, CBCT scans, and clinical photographs were collected from the dental records of these 
patients at the Centre for Operative Dentistry and Endodontics, University Medical Centre 
Ljubljana. Additionally, dental stone models were available for some patients. The distinguishing 
morphological traits, identified in the anatomical study of extracted PMMs with SPR and a 
retrospective clinical study using CBCT, were registered. Personal details including sex and age at 
the time of treatment were recorded. 
 
8.2. Description of clinical cases 
8.2.1. Patient A 
A healthy 62-year-old female patient was referred for endodontic retreatment of the asymptomatic 
right second PMM (tooth 17) before the scheduled prosthodontic rehabilitation. Intraoral 
examination and analysis of radiographs revealed no clinically or radiographically observable clues 
for the presence of SPR. There was no sensitivity to percussion and vestibular palpation, and no 
mobility of the tooth. Periodontal probing depths did not exceed 3 mm, and there was no furcation 
involvement. A diagnosis of secondary caries and asymptomatic apical periodontitis was made. 
After the removal of caries and composite build-up, endodontic retreatment was performed in three 










8.2.2. Patient B 
A 28-year-old male patient was treated by students of dental medicine. The patient had 
schizophrenia and was therefore regularly taking medications Seroquel and Eglonyl. Endodontic 
retreatment of the asymptomatic left second PMM (tooth 27) was planned before prosthodontic 
rehabilitation. The tooth had a large distoocclusal glass-ionomer restoration. The tooth was not 
mobile, but it was sensitive on vertical percussion. The crown was wider on the palatal half. Unclear 
outlines of four roots were visible on the preoperative periapical radiograph. Periodontal probing 
depths did not exceed 3 mm, except buccally where it was 4 mm. A diagnosis of asymptomatic 






8.2.3. Patient C 
A healthy 58-year-old male patient was referred for endodontic retreatment of asymptomatic right 
second PMM (tooth 17) before the scheduled prosthodontic rehabilitation. The crown was wider 
on the palatal half, and radiographs were suggestive of some morphological variation of roots, 
probably the presence of SPR. There was no sensitivity to percussion and vestibular palpation, and 
no mobility of the tooth. Periodontal probing depths did not exceed 3 mm, and there was no 
furcation involvement. The tooth was diagnosed with secondary caries and asymptomatic apical 
periodontitis. After the removal of caries and composite buildup, endodontic retreatment was 
performed in two sessions. Afterwards, the crown was prosthetically restored with fiber posts and 





















8.2.4. Patient D 
A healthy 34-year-old male patient was referred to CBCT for diagnostic reasons. When analysing 
CBCT images, it was found that tooth 28 has SPR. This tooth had a thick palatal enamel extension. 
The tooth was otherwise vital and unrestored, and no treatment was planned. In addition, it was 




8.2.5. Patient E 
A healthy 55-year-old female patient was referred for endodontic retreatment of the symptomatic 
right second PMP. Eight months after the treatment the patient came with a buccal fistula. The 
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clinical examination and periapical radiograph did not reveal any signs of periapical pathology; 
therefore, the patient was directed to make a CBCT scan. On the CBCT scan, the loss of 
interradicular bone indicated the presence of the interradicular vertical root fracture of the treated 
tooth. The volume of the CBCT scan also captured the first and the second PMM. The first PMM 





8.2.6. Patient F 
A healthy 42-year-old female patient with a history of recurrent pain episodes related to tooth 27 
was referred for specialist endodontic treatment. Endodontic treatment was initiated two months 
ago: 8 visits were performed at five general dentists. During the 1st visit at the general practitioner, 
instrument separation occurred in the mesial root. The tooth was left open one week prior to the 
referral to the endodontic specialist. During a clinical examination, we noted sensitivity to 
percussion and vestibular palpation. There was an increased periodontal probing depth palatally (9 
mm), and degree II palatal furcation involvement was observed. The tooth was diagnosed with 
symptomatic apical periodontitis, a separated instrument in the mesiobuccal canal and localised 
marginal periodontitis. The endodontic treatment, composite restoration, scaling and debridement 
of the tooth 27 was done. Two years after endodontic treatment, periodontal flap surgery with 









8.2.7. Patient G 
A general dentist inquired about the dental status of a healthy 35-year-old female patient where she 
noticed a palatal enamel pearl on the right second PMM (tooth 17). The dentist observed the enamel 
pearl during the first examination of the patient. The tooth was asymptomatic. There was no 
sensitivity to percussion and vestibular palpation, and no mobility of the tooth. There was an 
increased periodontal probing depth palatally (6 mm) and degree I palatal furcation involvement. 
The tooth was diagnosed with localised marginal periodontitis. The patient was advised for 







8.2.8. Patient H 
A healthy 56-year-old female patient was referred for endodontic retreatment of asymptomatic 
right second PMM (tooth 17) before the scheduled prosthetic rehabilitation. The crown was wider 
on the palatal half; there was a palatal enamel pearl and palatal furcation involvement. The 
radiographs were suggestive of some morphological variation of roots; probably the presence of 
SPR. There was no sensitivity to percussion and vestibular palpation, and no mobility of the tooth. 
There was an increased periodontal probing depth palatally (5 mm) and degree III palatal-buccal 
furcation involvement. The tooth was diagnosed with symptomatic apical periodontitis and 
localised marginal periodontitis. After the consultation with an oral surgeon, prosthodontist, and 
the patient an endodontic treatment was initiated. After the composite buildup, endodontic 
retreatment was performed in four sessions. Afterwards, the crown was prosthetically restored with 



















8.2.9. Patient I 
A healthy 45-year-old male patient was treated by students of dental medicine after a referral from 
the Department of Oral Diseases and Periodontology. During the initial examination, it was noticed 
that the crown of the right second PMM (tooth 17) was wider on the palatal half. Moreover, two 
additional palatal cusps were observed. The panoramic radiograph was also suggestive of 
morphological variation of roots, probably the presence of SPR. There was no sensitivity to 
percussion and vestibular palpation, and no mobility of the tooth. There was an increased 
periodontal probing depth in all measuring sites (> 3 mm) and degree II palatal furcation 
involvement. The tooth was diagnosed with advanced marginal periodontitis. After the replacement 
of the inadequate amalgam restoration with the composite restoration, the continuation of 










   
Occlusal view. Note the palatally wider crown and rotated crown of the 
tooth 17, and the morphologically unaltered crown of the tooth 27. 
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8.2.10. Patient J 
A healthy 73-year-old male patient was referred for endodontic treatment of the left second PMM 
and the left second permanent mandibular molar. During the treatment the right second PMM (tooth 
17) became symptomatic. Due to the progressed buccal caries destruction, the extraction was the 
only treatment of choice. The crown was wider on the palatal half, and there was a pronounced 
palatal indentation of the crown. However, the radiographs did not indicate any morphological 
variation or roots. Also during the endodontic treatment of a contralateral tooth 27 only one palatal 


















8.2.11. Patient K 
A healthy 37-year-old male patient was referred for endodontic treatment of the right second PMM 
(tooth 17). The crown was wider on the palatal half, and a double Carabelli cusp was present. On 
the periapical radiograph, the buccal and palatal roots overlap. However, the morphological traits 
and the periapical radiograph were suggestive of some type of morphological variation or roots, 
probably the presence of SPR. There was no sensitivity to percussion and vestibular palpation, and 
no mobility of the tooth. Periodontal probing depths did not exceed 3 mm, and there was no 
furcation involvement. The tooth was diagnosed with asymptomatic apical periodontitis. The 
presence of SPR was confirmed at the initiation of endodontic retreatment. The tooth is still in the 






8.2.12. Patient L 
A 22-year-old female, a 4th-year student of dental medicine, had a clinical examination done by her 
colleague during the clinical practices at the Department of Normal Dental Diseases and Dental 
Morphology. The crown wider on the palatal half, and a double Carabelli cusp were noticed on the 
right second PMM (tooth 17). The panoramic and periapical radiographs were not suggestive of 
any morphological variation of roots. There was no sensitivity to percussion and vestibular 
palpation, and no mobility of the tooth. Periodontal probing depths did not exceed 3 mm, and there 
was no furcation involvement. The student complained about common sinusitis problems. As 
clinical examination did not reveal any dental reasons for these problems, a low-resolution CBCT 
scan of the maxillary sinuses was indicated. The CBCT scan revealed the left third PMM could be 
the cause of her problems. The CBCT also confirmed the presence of SPR on the right second 












8.2.13. Patient M 
A healthy 56-year-old male patient was referred for endodontic retreatment of the asymptomatic 
right first PMM (tooth 16). Intraoral examination revealed the crown was wider on the palatal half, 
a pronounced palatal indentation of the crown was present, the dental arch had an omega shape. 
The analysis of radiographs revealed no clinically or radiographically observable clues for the 
presence of SPR. There was no sensitivity to percussion and vestibular palpation, and no mobility 
of the tooth. Periodontal probing depths did not exceed 3 mm, except distobuccally (5 mm), and 
there was no furcation involvement. The tooth was diagnosed with asymptomatic apical 
periodontitis and localized marginal periodontitis. After the scaling debridement, endodontic 
retreatment was performed in two sessions. Afterwards, the crown was restored with composite. 
The clinical and radiographic appearance of the contralateral first PMM (tooth 26) was also 









8.2.14. Patient N 
A healthy 39-year-old male patient was referred for endodontic treatment of the asymptomatic right 
first PMM (tooth 16) initiated 2.5 years ago by a general dentist before finally referring the patient 
to an endodontic office. During the treatment by the general dentist, a furcal perforation when 
searching for the palatal root canal and ledges in the mesiobuccal and distobuccal root canal were 
made. Intraoral examination of the right and the left second PMM revealed the crown was wider 
on the palatal half, a pronounced palatal indentation of the crown and omega shaped maxillary 
dental arch were also noticed. The periapical radiographs also indicated the presence of SPR on 
both second PMMs. There was no sensitivity to percussion and vestibular palpation, and no 
mobility of the tooth. Periodontal probing depths did not exceed 3 mm, except mesiopalatally (4 
mm), and there was no furcation involvement. The tooth was diagnosed with asymptomatic apical 
periodontitis, iatrogenic furcal perforation, a ledge in the mesiobuccal and distobuccal root canal, 
and localised marginal periodontitis. After the scaling debridement and composite build-up of the 
crown, the endodontic treatment of the right PMM was performed in three sessions. The patient 




























8.2.15. Patient O 
A healthy 38-year-old male patient was referred for conservative dental treatment to the clinical 
practices for 5th-year dental students in the Department of dental diseases. During the first 
examination, the crown wider on the palatal half, a pronounced palatal indentation of the crown, 
double Carabelli cusp, and a palato-radicular groove were noticed on the left second PMM (tooth 
27). The periapical radiograph was not suggestive of any morphological variation in the number of 
roots. There was no sensitivity to percussion and vestibular palpation, and no mobility of the tooth. 
There was an increased periodontal probing depth on the palatal side, related to the palato-radicular 
groove (5 mm). The tooth was diagnosed with localised marginal periodontitis. The crown of the 
contralateral second PMM (tooth 17) had no morphological signs which would indicate the 
presence of SPR. The patient complained of the pain to percussion on a neighbouring left first 
PMM (tooth 26) which was already endodontically treated twice. The periapical radiograph 
showed accurately filled root canals and a periapical radiolucency around the mesiobuccal and 
distobuccal root. We decided to do a CBCT scan of the first PMM. The CBCT scan revealed a 
large J-shaped radiolucency around the mesiobuccal and distobuccal root also involving the 
furcation. The radiographic image was indicative of a vertical root fracture. The patient was 
referred to extract the tooth. The CBCT scan also confirmed the presence of the SPR on the left 
second PMM. The patent was referred to a periodontist, where they decided to do gingivectomy 









We found the dental record of 15 patients (eight males and seven females) which were included in 
this study (Table 21). The mean age of patients was 45.3 years (ranging from 22 to 73 years). A 
total of 17 PMMs with SPR (three first, 13 second, and one third PMM) were examined clinically 
and radiographically. This sample consisted of 10 right, and seven left PMMs with SPR. None of 
the teeth was diagnosed with SPR prior to the referral.  
The second PMM in patient B was the only tooth without clinically or radiographically observable 
clues to the presence of SPR; other teeth possessed one to four distinguishing traits, with the modal 
number of traits per tooth being two (Table 21). The most prevalent distinguishing traits were 
crown wider on the palatal half (82.4%) and pronounced palatal indentation of the crown (47.1%). 
Figures 18 and 19 show representative examples of distinguishing traits observed clinically and 
radiographically. In two patients PMMs with SPR occurred bilaterally: both first PMMs were 
affected in the patient M and both second PMMs in the patient N. In both patients, the maxillary 
dental arch was deformed into omega shape as a consequence of the enlarged palatal part of the 




Table 21. Distinguishing morphological traits in a sample of 17 clinically and radiographically 

























































































































































































A 62 F 17 PR               0 
B 28 M 27 PR +       1 
C 58 M 17 PR + n.s. n.s.   n.s.  1 
D 34 M 28 CBCT    +    1 
E 55 F 26 CBCT  +      1 
F 42 F 27 PR +   +    2 
G 35 F 17 BW +    +   2 
H 56 F 17 
PR, 
CBCT + n.s. n.s.  + n.s.  2 
I 45 M 17 PR + +      2 
J 73 M 17 PR + + n.s.     2 
K 37 M 17 PR +     +  2 
L 22 F 17 CBCT +     +  2 
M 56 M 
16 PR + + +     3 
26 PR + + +     3 
N 39 F 
17 
PR, 
CBCT + + +   n.s.  3 
27 PR + + +     3 
O 38 M 27 PR, 
CBCT 
+ +    + + 4 
Teeth with a trait 
N 14 8 4 2 2 3 1   
% 82.4 47.1 23.5 11.8 11.8 17.6 5.9   
 
PR, periapical radiography; BW, bitewing radiography; n.s., trait not scored because of caries, 





Figure 18. Representative clinical photographs of distinguishing morphological traits (marked 
with arrows) on PMMs with SPR. (A) crown wider on the palatal half. (B) double Carabelli cusp. 
(C) pronounced palatal indentation of the crown. (D) thick palatal enamel extension. (E) palato-
radicular groove. (F) palatal enamel pearl. (G) omega-shaped maxillary dental arch caused by the 





Figure 19. CBCT scans (A−F), bitewing (G) and periapical radiographs (H) showing 
distinguishing morphological traits (arrowed) on PMMs with SPR. (A) crown wider on the palatal 
half. (B) double Carabelli cusp. (C) pronounced palatal indentation of the crown. (D and H) thick 





9.1. The prevalence of PMMs with SPR in the population of Slovenia 
There is a widespread belief that the SPR, as well as other SNRs on PMMs, are very rare. This 
belief is not unexpected because SNRs on PMMs are not mentioned in most of the dental anatomy 
texts (e.g., Ash, 1993; Woelfel and Scheid, 2002; Brand and Isselhard, 2003). The scientific papers 
stating that SPR is extremely rare even further help to spread this belief (e.g. Badole et al., 2012; 
Carneiro, 2016). Consequently, most undergraduate students never hear about SNRs on PMMs. 
Their first encounter with this radicular variant happens after they start with their clinical practice. 
This unexpected encounter is probably one of the reasons for numerous case reports describing 
PMMs with SPR and one of the reasons behind this thesis.  
The prevalence of the SPR, reported in previous studies is <1% for the first PMM, between 1.0% 
and 1.5% for the second PMM, and between 2.0% and 2,5% for the third PMM (see Table 1; 
section 1.1). The prevalence of SPR has so far not been linked to specific ethnic groups. Our study 
on extracted teeth and CBCT scans confirms literature data that SPR only rarely develop on the 
first PMM (0.2%); however, with increasing frequency on the second (1.3%) and the third (2.7%) 
PMM. The similarity of our results with previously reported frequencies ascertains that the 
prevalence of SPR is similar among different ethnic groups.  
As there are four to six PMMs in the dentition, we might encounter patients with SNRs in the upper 
jaw relatively often. Nevertheless, so far all previous studies reported only the prevalence of the 
affected teeth (total tooth count method), and none reported the prevalence of patients with SNRs 
(individual count method). The individual count method is preferred over the total tooth count or 
unilateral count methods in anthropological studies because it better reflects the genetic factors 
underlying the development of the trait (Scott et al., 2018). Therefore, we were the first to 
determine the prevalence of SNRs in a cohort of patients. In our CBCT study, PMMs with at least 
one SNR were identified in 5.29% of dental patients from Slovenia. A SPR was by far the most 
prevalent SNR on PMMs, affecting 3.84% of the examined patients; 0.3%, 1.8%, and 2.1% of the 
patients, for the first, second, and third PMMs, respectively. The high prevalence of SPR compared 
to other SNRs on PMMs is in agreement with previous studies (Ahmed and Abbot, 2012). 
Considering that our cohort of patients had a mean age 46.1 years and that 34.6% of PMMs were 
missing, the actual prevalence of patients with SNRs on PMMs might be even higher. Based on 
our data, we can expect that on average every 19th patient visiting the dental office has at least one 
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PMM with a SNR. Obviously, the previous proclamations that PMMs with SNRs are extremely 
rare (e.g. Badole et al., 2012; Carneiro, 2016) are misleading. 
 
9.2. Sexual dimorphism in the occurrence of SPR 
The absence of sexual differences for PMMs with SPR, established in this study is in agreement 
with the previous findings (Christie et al., 1991; Yang et al., 2013). This is not unexpected since 
most morphological dental traits lack sexual dimorphism (Scott et al., 2018). 
 
9.3. Left-right asymmetry in the occurrence of SPR 
If we look at our individual studies, the results for the prevalence of SPR on the left and right 
PMMs were inconclusive. If we consider either extracted PMMs with SPR or those observed from 
the CBCT scans of patients, there were no statistically significant left-right differences (P > 0.05). 
However, there were more right third PMMs among the extracted teeth (P < 0.05) and more right 
second PMMs observed on CBCT scans of patients (P < 0.05). If we combine data from both 
studies, the higher prevalence of the right PMMs with SPR becomes statistically significant (P = 
0.012, Pearson’s chi-square test). If we add the data from the clinical cases, this difference becomes 
even more statistically significant (P = 0.006, Pearson’s chi-square test).  
Dental morphological traits exhibit left-right fluctuating asymmetry, but the level is relatively low 
(Felsypremila et al. 2015; Scott et al., 2018). In our study, the external root morphology of 8169 
PMPs and PMMs was classified using a newly developed system. The results indicate that roots 
exhibit a high level of left-right symmetry. The only difference was observed in the Types A2 and 
A4. Undoubtedly, this was a type I statistical error, since the associated Types A1, A3, and E5 
exhibited a high level of symmetry. Therefore, the actually observed asymmetry was only in the 
above-mentioned higher prevalence of right PMMs with SPR.  
In contrast to fluctuating asymmetry, dental morphological traits rarely exhibit directional 
asymmetry. This has not been established for SPR (Christie et al., 1991; Yang et al., 2013). 
Moreover, some studies reported that a SNR radix entomolaris more frequently occurs on the left 
(Loh, 1990; Wang et al., 2010) or right permanent mandibular first molars (Tu et al., 2007; 2009). 
Furthermore, Felsypremila et al. (2015) found the lowest level of symmetry on the second PMM. 
The presence of directional asymmetry, along with the increasing prevalence of SPR from the first 
to the third PMM might indicate that epigenetic and/or environmental factors play an important 
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role in the development of SPR. SPR most frequently occur on third PMMs which have the longest 
period of postnatal development and form under the greatest spatial constraints. 
The directional asymmetry is rare in the animal kingdom (Ungar, 2010). The enlarged left canine 
of the narwhal (Monodon monoceros) is one of the best known extreme examples of dental 
asymmetry (Ungar, 2010). 
In 80% of cases, the SPR appears unilaterally or on the contralateral heteronymous or ipsilateral 
tooth. Furthermore, asymmetry in the type and level of root fusion and divergence of SPR on the 
contralateral homonymous teeth can also be present, as it has already been previously described by 
Christie et al. (1991). Nevertheless, the 27% possibility for the SPR presence on a contralateral 
(homonymous or heteronymous) or ipsilateral tooth, has great clinical significance. If one of the 
teeth is diagnosed with a SPR or any other kind of SNR, the clinician should always anticipate and 
rule out the presence SNRs on other teeth.  
 
9.4. The association between the number of roots in molars and premolars 
The patients with PMMs with SPR had statistically significantly less first PMPs with root 
morphological type A8 (one root that is oval to round in cross-section and harbours one root canal) 
(27% of PMPs) than patients without the PMMs with SPR (42% of PMPs). So far, the association 
between the number of roots in molars and premolars has been observed only in the lower jaw. In 
the lower jaw, the association between the development of radix entomolaris and a tendency of 
mandibular premolars to increase the root number was noticed (Kovacs, 1971; Hitij et al., 2017). 
During the analysis of the CBCT scans of the upper jaw, we also discovered a clinical case of a 
female patient with PMM with SPR and a double permanent maxillary lateral incisor. Based on the 
data we collected, this anomaly was also present in other members of her family. 
 
9.5. The association between the SPR and radix entomolaris 
In our study, three patients with SPR in the upper jaw (6.8%) also had a SNR radix entomolaris on 
the permanent mandibular molar. The unpublished data from the same cohort of patients from the 
lower jaw (Lucija Strmšek, pers. comm.) show that the prevalence of radix entomolaris in patients 
was 7.4%. Based on the similar prevalence of radix entomolaris in patients with SPR and without 
SPR, there seems to be no association between SPR and radix entomolaris. 
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This data and clinical cases show that common genetic factors play a role in the root development 
of all teeth limited to the same jaw. As these links are also clinically relevant, it would be reasonable 
to investigate these assumptions in the future studies. 
 
9.6. The role of clinical examination in the detection of PMMs with SPR 
As already described in the introduction, due to the specific root morphology the presence of SPR 
has clinical implications in endodontics, periodontology, and oral surgery. However, as also seen 
from our clinical cases, the PMMs with SPR can be very difficult to identify using a periapical 
radiograph as palatal and buccal roots often overlap. During the routine dental examination, this 
root constellation might be predicted mainly by observing the external tooth morphology during 
the clinical examination (Carlsen and Alexandersen, 2000); however, until now this has not been 
empirically tested. We demonstrated that it is possible to differentiate PMMs with SPR from those 
with one palatal root simply by observing specific morphological traits on the palatal aspect of the 
tooth. These distinguishing morphological traits include crown wider on the palatal half, double 
Carabelli cusp, pronounced palatal indentation of the crown, thick palatal enamel extension, palato-
radicular groove, palatal enamel pearl, and omega-shaped maxillary dental arch.  
In our sample of extracted PMMs with SPR, a crown wider on the palatal half (55%) and double 
Carabelli cusp (24%) were the most frequently observed distinguishing traits. The distinguishing 
morphological traits of SPR are also considered to be clinical clues for this root constellation, as 
they can be observed during the radiographic and clinical examination. From the analysis of PMMs 
with SPR discovered on the CBCT scans of patients, the most frequently occurring traits were also 
crown wider on the palatal half (59%) and double Carabelli cusp (29%). On the other hand, from 
the clinical part of the study, a crown wider on the palatal half (82%) and a pronounced palatal 
indentation of the crown (47%) were the most frequently observed traits. We have to consider that 
certain distinguishing morphological traits can be more reliably observed on the extracted teeth 
(e.g. the palatal enamel extensions), some on CBCT scans (e.g. the enamel pearls), and some 
clinically (e.g. the omega-shaped maxillary dental arch, a crown wider palatally than buccally, 
palatal indentation of the crown, palato-radicular groove, double Carabelli cusp). Consequently, 
the most frequent distinguishing traits can be most reliably determined during the clinical 
examination of the tooth. 
At least one of these distinguishing traits was observed in 63% of extracted PMMs with SPR, in 
75% of PMMs with SPR from the CBCT scans of patients, and in 94.1% of PMMs with SPR from 
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clinical cases. On the one hand, this pronounced difference is most likely due to poorer crown 
preservation of extracted teeth in comparison with clinically examined teeth, and difficult 
recognition of crown morphological traits from the CBCT scans. On the other hand, the frequency 
of traits in clinically examined PMMs with SPR might have been overestimated, since teeth without 
any distinguishing traits might have been overlooked. 
The results of the present study also indicate that morphological traits under consideration are 
highly specific to PMMs with SPR. In the PMMs with SPR, the palatal half of the crown was 
statistically significantly wider than its buccal half, whereas in PMMs with one palatal root the 
widest portion of the crown was always toward the buccal surface. In the present study, double 
Carabelli cusp was observed exclusively on PMMs with SPR. In clinically examined teeth with 
double Carabelli cusp, the presence of SPR was in some cases confirmed only by using CBCT, as 
the SPR were not identifiable from the periapical radiograph.  
Palato-radicular groove occasionally develops on permanent maxillary incisors (Goon et al., 1991); 
however, on a PMM it is very unusual and was so far only documented in a couple of cases with 
SPR (Benenati, 1985; Friedman et al., 1986; Grammatopoulos, 2007; Ahmed and Abbott, 2012). 
A deep palato-radicular groove on the second PMM may allow microorganisms to penetrate from 
the periodontal pocket into the pulp tissues and cause irreversible pulpitis (Benenati, 1985). Similar 
clinical cases of irreversible pulpitis and pulp necrosis related to deep palato-radicular groove have 
been described several times on upper second incisors. (Peikoff and Trott, 1977; Meister et al., 
1983; Peikoff et al., 1985; Smith and Carroll, 1990; Goon et al., 1991). Pathohistological 
examination of such teeth revealed dysplastic radicular dentin with numerous clefts along the 
length of the groove, which could bring the microorganisms to the pulp and cause irreversible 
pulpitis (Peikoff and Trott, 1977; Peikoff et al., 1985; Goon et al., 1991). 
Several studies also addressed the prevalence and distribution of enamel extensions and enamel 
pearls on permanent molars, unfortunately without reference to the number of roots. These studies 
indicate that on PMMs long enamel extensions show a strong predilection for the buccal surface 
(Šutalo, 1985; Risnes, 1974a; Gašperšič, 1984) whereas enamel pearls show a strong predilection 
for mesial and distal surfaces (Risnes, 1974b; Gašperšič, 1985). Here, a long enamel extension 
(Grade 3) on the palatal surface was present on almost 40% of extracted PMMs with SPR but was 
not noted on PMMs with one palatal root. On the CBCT scans, we observed 49 enamel pearls. 
Based on our data, there is a 46-times higher probability for a tooth with SNR to have an enamel 
pearl, than it is for a tooth with a normal number of roots. There is also a 53-times higher probability 
for a tooth with SPR to have an enamel pearl, than it is for a tooth with a normal number of roots. 
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When discovering an enamel pearl in the upper jaw, there is a 43% probability, that a tooth also 
has a SNR. If the enamel pearl was located on the palatal or interradicular aspect of the palatal root, 
there were always SPR present. These observations, along with the fact that the radicular grooves 
of the molars represent the most common sites for enamel pearls support the idea that their 
formation may be related to the folding of Hertwig’s epithelial sheath. It seems that the cells of 
Hertwig’s epithelial sheath retain a latent potential to become functional odontoblasts or a small 
enamel organ, although the trigger of this latent capacity remains unknown (Gašperšič, 1992). 
Among other traits, we found higher hypocone ASUDAS scores in PMMs with SPR compared to 
PMMs with one palatal root (P < 0.001). Without any doubt, the larger hypocone substantially 
contributes to the large palatal size of the crown of PMMs with SPR. The shape of the crown can 
also be altered by additional cusps, which we observed in one-fifth of PMMs with SPR. 
In the retrospective analysis of clinical cases, we found that none of the the PMMs with SPR was 
diagnosed prior to our examination and treatment. The crowns of teeth were usually already 
cariously destroyed to the level the prosthodontic restoration was needed. Even though the 
diagnosis using the distinguishing morphological traits was the most reliable way to diagnose the 
presence of SPR even when the SPR were not recognizable from the periapical radiograph. 
 
9.7. The external root morphology of PMMs with SPR 
The majority of PMMs with SPR had three or four roots; however, the number of roots ranged 
from one to six. Root fusion was very common. Root fusion between the MB and MP roots was 
the most common type of root fusion (P < 0.05) with more than two-thirds of roots fused in the 
level of the middle third of the root or more apically. However, the fused mesiobuccal and 
mesiopalatal roots were much more common in the second and third PMMs compared to the first 
PMMs, where the fusion between the mesiopalatal and the distopalatal root was more common (P 
< 0.05). 
A very distinct clinical feature of PMMs with SPR was the presence of two divergent palatal roots 
which was observed in approximately one half of PMMs with SPR. The parallel palatal roots were 
also common (~40%), and the convergent palatal roots were rarely found on the second and third 
PMMs. On the contrary, the convergent palatal roots were found in five out of six cases of the first 
PMMs with SPR. 
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The root morphology of PMMs with SPR varies considerably and cannot be classified according 
to the existing classifications of Christie et al. (1991) and Baratto-Filho et al. (2002) in over two-
thirds of cases. To find a better way to classify PMM with SPR, we analysed the data with two 
multivariate ordination methods (NMDS and PCA). The data was visualised through the scatter 
plots which revealed highly scattered results, indicating a high variance in the root morphology of 
PMMs with SPR. Even if we consider nine of the most common variants of root morphology, these 
will only represent less than two-thirds of the analysed PMM with SPR. Based on these results, we 
propose that it is better to describe the roots of these teeth with the following data: FDI notation, 
type of root fusion, level of root fusion, and divergence of palatal roots. Clinically, this type of 
description is possible when CBCT scan is available. In contrast, periapical radiographs usually do 
not reveal the type and level of root fusion for all the roots, and in most cases, only the divergence 
of palatal roots can be reliably observed. 
Nevertheless, the NMDS and PCA analysis and the Tukey’s post hoc HSD tests revealed that there 
was a difference between the root morphology of the first PMMs with SPR compared to second 
and third PMMs with SPR. We detected three first PMM with SPR from the CBCT scans and three 
first PMMs with SPR among the analysed clinical cases. Except for the patient E, they all had 
common morphological traits, that is a convergent and fused palatal roots, i.e. one palatal root with 
two palatal root canals. As we already noted, the prevalence of SPR has so far not been linked to 
specific ethnic groups. However, according to one review from the scientific literature (Nosrat et 
al., 2017), the presence of more than one palatal root canal in a single palatal root occurs more 
frequently in certain ethnic groups. On average the prevalence of this trait is less than 2% (Nosrat 
et al., 2017); however this anatomic variation can reach up to 33% in first PMMs of a Pakistani 
population (Wasti et al., 2001), 10% in first PMMs of an Indian population (Neelakantan et al., 
2010), 6% in second PMMs of a Chinese population (Weng et al., 2009), and 14% in second PMMs 
of an Indian population (Singh and Pawar, 2015). The bucco-lingually compressed palatal root 
with more than one root canal, apically split palatal root, and a SPR represent a well-defined 
continuous biological variable, and therefore the definition of the threshold will always be 
arbitrary. 
Around one-fourth of roots of PMMs with SPR had root dilacerations, and apical slenderness was 
observed in approximately 10% of the roots. It is therefore not surprising that 14% of the extracted 
PMMs with SPR had root fractures. Interestingly, all the fractures were observed in the third PMMs 
(P < 0.05). Furthermore, the extraction of PMMs with SPR can be further complicated by the 
frequent occurrence of hypercementosis. The hypercementosis was observed in 16% of teeth, 
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which is a 100-times more than reported for a general German population (0.12% or 22/18,589) 
(Bürklein et al., 2012). This observation could be related to more common periodontal and 
endodontic infections in PMMs with SPR. The latter might have also been the reason for the 
extraction of the analysed teeth. 
 
9.8. The internal morphology of PMMs with SPR 
Our in vitro and in vivo CBCT analyses revealed very complex root canal morphology in PMMs 
with SPR. Additional root canals, root canal splitting and convergence, were often observed, and 
the MB2 was present around half of the time. These circumstances complicate endodontic 
treatment. Based on our criteria, in around half of the PMMs with SPR, we can expect difficult or 
very difficult endodontic treatment. Only one-fourth of the studied teeth were considered to have 
a low level of difficulty (one root canal in each root) of endodontic treatment. The difficult root 
canal morphology was most commonly observed in the fused roots. 
The root canals were generally curved. The curvatures of over 35 degrees were present in 
approximately half of the roots. The mesiobuccal root canal was more curved than the other root 
canals; the highest degree of curvature was found in the mesio-distal direction (P < 0.05).  
Our results are in great contrast with the results from the micro-computed tomography study of 
Versiani et al. (2012). According to these authors, roots of the PMMs with SPR harbour one almost 
straight root canal in each root, except for the mesiobuccal root which harbours two canals in 24% 
of analysed teeth. This discrepancy is not related to different methodology since the micro-
computed tomography has a much higher resolution than CBCT. The difference might be due to 
the small tooth sample, selection of PMMs with SPR (only specimens with separate roots) or in the 
studied population. 
If we compare our results with the micro-computed tomography study of Ordinola-Zapata et al. 
(2017) which was done on second PMMs with one palatal root and fused roots, we see that the 
revealed root canal morphology is comparable to that observed in our CBCT study on extracted 
teeth.  
We can, however, confirm the previously reported lower frequency of the MB2 in PMMs with SPR 
(Versiani et al., 2012). 
There was a pronounced divergence of the buccal canals at the orifice level (39.3 degrees), which 
almost disappeared toward the middle third of the root canals (10.9 degrees). On the other hand, a 
125 
  
pronounced divergence of the palatal root canals at the orifice level (43,5 degrees) was also present 
in the middle third of the root canals (25,5 degrees), making the palatal root canals considerably 
more divergent in the middle third compared to the buccal root canals. Our results are in accordance 
with the data of Yang et al. (2013) where the average divergence of the buccal root canals was 21.3 
degrees, and the divergence of the palatal root canal was 34.6 degrees.  
The minimal angle of divergence of the palatal root canals was -9 degrees and the maximum angle 
was +58.5 degrees. These results are also in accordance with the reported data from the previous 
study where the minimal angle of divergence of the palatal root canals was -5 degrees and the 
maximum angle was +45 degrees (Carlsen and Alexandersen, 2000). 
In our study, we confirmed the observations from the previous studies (Versiani et al.,2012; Yang 
et al., 2013), where the mean distance between the buccal orifices was also significantly lower than 
the distance between the palatal orifices. We were, however, the first to discover that the orifice of 
the distobuccal root canal is positioned more buccally in PMMs with SPR than in PMMs with one 
palatal root. 
 
9.9. Clinical considerations 
Clinically, the identification of SPR and the understanding of the anatomy is a fundamental 
prerequisite for proper treatment of such teeth and for understanding the problems that may arise 
when such teeth become pulpally and/or periodontally involved. The untreated root canal system 
may be the main cause of endodontic treatment failure. A typically short distance between the 
enamel line and palatal furcation in PMMs with two separate palatal roots should be considered 
when planning crown lengthening on such teeth (Di Fiore, 1999). For the same reason, the palatal 
furcation may become involved early during the progression of periodontal disease. A thick palatal 
enamel extension, a palato-radicular groove and a palatal enamel pearl may also be predisposing 
factors for furcation involvement. If periodontal destruction predominantly affects the palatal 
aspect of a PMM than the presence of SPR should be taken into consideration (Chan et al., 2010). 
A deep palato-radicular groove on the second PMM may allow microorganisms to penetrate from 
the periodontal pocket into the pulp tissues and cause irreversible pulpitis (Benenati, 1985). Lastly, 
there is an increased risk of fracturing the maxillary tuberosity during the extraction of the 






Whenever the clinician identifies one or more clinical clues indicating the presence of SPR, various 
diagnostic procedures can be employed. Periodontal probing may reveal palatal root bifurcation, 
especially if accompanied by gingival recession and/or periodontal destruction. The preoperative 
radiographs should be examined carefully. If necessary, periapical radiography from different 
directions and CBCT scanning can also be used as an additional diagnostic tool. The clinician 
should also bear in mind that the root morphology of PMMs with SPR varies considerably and 
cannot be classified according to the existing classifications in over two-thirds of cases. When 
endodontic treatment has to be done, the complex morphology of the root canal system can be 
expected. Before extraction of such teeth the divergence of palatal roots, hypercementosis, apical 
slenderness, and apical root dilacerations should be taken into consideration as these may 




11. Uvod, obsežen povzetek raziskovalnega dela in zaključek v slovenščini 
 
11.1. Uvod 
Zgornji stalni kočniki in drugi zgornji mlečni kočnik imajo v nekaterih primerih na palatinalni 
strani dve korenini ‒ meziopalatinalno in distopalatinalno (Slika 1). Ena izmed njih ustreza redni 
palatinalni korenini, druga je nadštevilna palatinalna korenina. Palatinalni korenini sta si po obliki 
in merah podobni, zato sta Carlsen in Alexandersen (2000) razlikovanje med njima zasnovala na 
predpostavki, da se pri zgornjem kočniku prisotnost nadštevilne korenine kaže v močnejši 
razvitosti pripadajočega dela zobne krone. Tako naj bi bila pri kočniku z zadebeljenim 
meziopalatinalnim delom zobne krone nadštevilna meziopalatinalna korenina, pri kočniku z 
zadebeljenim distopalatinalnim delom zobne krone pa naj bi bila nadštevilna distopalatinalna 
korenina. Avtorja sta nadštevilno palatinalno korenino po legi poimenovala radix mesiolingualis 
oziroma radix distolingualis. Vendar bi bilo izraza radix mesiolingualis oziroma radix 
distolingualis bolj smiselno nadomestiti z radix mesiopalatinalis in radix distopalatinalis, ki sta za 
zgornje kočnike anatomsko ustreznejša. V nekaterih primerih sta zadebeljena tako meziopalatinalni 
kot distopalatinalni del krone, kar onemogoča razlikovanje med koreninama. S kliničnega vidika 
je razpoznava obeh palatinalnih korenin bistveno pomembnejša od določitve, katera je redna in 
katera nadštevilna. Palatinalni korenini sta lahko samostojni, lahko pa je nadštevilna palatinalna 
korenina delno ali v celoti zraščena z eno ali obema sosednjima rednima koreninama: radix 
mesiopalatinalis z redno palatinalno korenino in/ali meziobukalno korenino, radix distopalatinalis 
z redno korenino in/ali distobukalno korenino (Carlsen in Alexandersen, 2000). 
Prisotnost nadštevilne palatinalne korenine vpliva klinično na endodontsko in parodontalno 
zdravljenje, pa tudi na ekstrakcijo zoba. Endodontsko zdravljenje zob je učinkovito le ob dobrem 
poznavanju anatomske variabilnosti korenin, kamor spadajo tudi nadštevilne korenine. Čeprav 
imata pri Evropejcih, po nekaterih podatkih (Tabela 1), prvi spodnji stalni kočnik z nadštevilno 
korenino radix entomolaris in drugi zgornji stalni kočnik z nadštevilno palatinalno korenino 
približno enako prevalenco, slednjega večina učbenikov anatomije zob ne omenja (prim. Ash, 
1993; Woelfel in Scheid, 2002; Brand in Isselhard, 2003). Klinični primeri, predvsem 
endodontskega zdravljenja takih zgornjih stalnih kočnikov, so se v literaturi začeli pojavljati v 70. 
letih prejšnjega stoletja (Slowey, 1974; 1979; Thews in sod., 1979), sledile so jim epidemiološke 
raziskave (Matsumoto 1986; Libfeld in Rotstein, 1989; Peikoff in sod., 1996), v zadnjem času pa 
tudi sistematične zobnoanatomske raziskave (Carlsen in Alexandersen, 2000; Versiani in sod., 
2012; Yang in sod., 2013). 
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V klinični praksi je rentgenska razpoznava obeh palatinalnih korenin težavna, ker na ortoradialnem 
periapikalnem posnetku zaradi superpozicije z bukalnima koreninama praviloma nista jasno 
prikazani. S parodontalnega vidika so neugodni kratko koreninsko deblo na palatinalni strani, 
skleninski jezik, ki pogosto sega med palatinalni korenini, ter kronsko-koreninska palatinalna 
brazda in skleninski biser, ki sta v nekaterih primerih pridružena nadštevilni palatinalni korenini. 
Ekstrakcijo zgornjega modrostnika z nadštevilno palatinalno korenino naj bi zaradi močnejše 
pričvrščenosti zoba spremljalo povečano tveganje za zlom tubera zgornje čeljustnice 
(Grammatopoulos, 2007). 
 
Slika 1. Desni drugi zgornji stalni kočnik z nadštevilno palatinalno korenino. Zobna krona je 
porušena. A Pogled z bukalne strani. B Pogled s palatinalne strani. Puščica označuje za zgornji 
kočnik z nadštevilno palatinalno korenino značilen obsežen skleninski jezik, ki sega v 
medkoreninski predel. Palatinalni korenini sta bolj divergentni kakor bukalni korenini. C Pogled z 
mezialne strani. D Pogled z distalne strani. E Pogled z apikalne strani. F Pogled z okluzalne strani. 
Zobna krona se širi od bukalne proti palatinalni strani, kar je prav tako značilno za zgornji kočnik 
z nadštevilno palatinalno korenino. V dnu odprtega pulpnega prekata so štirje vhodi v koreninske 
kanale: meziobukalni (mb), distobukalni (db), meziopalatinalni (mp) in distopalatinalni (dp). 
Razdalja med palatinalnima vhodoma je večja od razdalje med bukalnima vhodoma. Drugi kanal 
v meziobukalni korenini ni bil najden. Puščica označuje poglobitev v dnu pulpnega prekata, ki je 
nastala pri neuspešnem iskanju tega kanala z ročnimi in ultrazvočnimi instrumenti. G Rentgenski 
posnetek zoba z uvedenimi kanalskimi instrumenti v bukopalatinalni projekciji. H Rentgenski 
posnetek zoba z uvedenimi kanalskimi instrumenti v meziodistalni projekciji. Oznake koreninskih 
kanalov na rentgenskih posnetkih: mb – meziobukalni kanal, db − distobukalni kanal, mp – 
meziopalatinalni kanal, dp − distopalatinalni kanal. Oznake strani: m ‒ mezialno, d – distalno, b – 




11.1.1. Pogostost zgornjih kočnikov z nadštevilno palatinalno korenino 
Stone in Stroner (1981) poročata, da so študenti pri izdelavi dostopnih preparacij na približno 500 
ekstrahiranih prvih in drugih zgornjih stalnih kočnikih našli dva palatinalna kanala pri manj kot 2 
% zob. S tem se ujemajo izsledki epidemioloških raziskav, ki kažejo, da se nadštevilna palatinalna 
korenina razvije pri manj kot 1 % prvih stalnih kočnikov, pri 1–1,5 % drugih stalnih in drugih 
mlečnih kočnikov in pri 2–2,5 % zgornjih modrostnikov (Tabela 1). Ker je nadštevilna palatinalna 
korenina pri zgornjih kočnikih najpogostejša vrsta nadštevilne korenine (Ahmed in Abbot, 2012), 
smo v tabelo 1 vključili tudi reference, v katerih je naveden le skupni delež štirikoreninskih 
zgornjih kočnikov. 
Yang in sod. (2013) so v retrospektivni raziskavi 1957 zgornjih stalnih kočnikov, posnetih z 
računalniško tomografijo s stožčastim snopom, ugotovili statistično značilno večjo pogostost 
nadštevilne palatinalne korenine pri drugem kočniku (1,12 %) kakor pri prvem kočniku (0,31 %). 
Carlsen in Alexandersen (2000) sta imela med 145 ekstrahiranimi zgornjimi stalnimi kočniki z 
nadštevilno palatinalno korenino 9 (6 %) prvih, 23 (16 %) drugih in 113 (78 %) tretjih kočnikov. 
Gu in sod. (2015) pa so po pregledu 650 posnetkov z računalniško tomografijo s stožčastim snopom 
našli le en zob z nadštevilno palatinalno korenino med 1365 prvimi zgornjimi stalnimi kočniki in 
deset zob z nadštevilno palatinalno korenino med 1224 zgornjimi drugimi kočniki. Naraščanje 
pogostosti nadštevilne palatinalne korenine od prvega proti tretjemu zgornjemu stalnemu kočniku 
se sklada s splošno zakonitostjo, da se oblikovna variabilnost v posamezni zobni skupini povečuje 
v distalni smeri. 
Izsledki dosedanjih raziskav niso pokazali večjih razlik glede pogostosti nadštevilne palatinalne 
korenine med prebivalstvenimi skupinami (Tabela 1). Yang in sod. (2013) v raziskavi z 
računalniško tomografijo s stožčastim snopom ter Christie in sod. (1991) pri pregledu objavljenih 









Populacija N n % Metoda Avtor Leto 
Prvi 
 
Nizozemska 2300 0 0,00 IZ Bolk 1915 
Hrvaška 443 2 0,45 IZ Šutalo 1985 
Indija 220 2 0,91 RTSS Neelakantan in sod. 2010 
Kitajska 299 0 0,00 RTSS Zhang in sod. 2011 











Yang in sod. 
Plotino in sod. 
2013 
2013 
Iran 125 2 1,60 IZ Rouhani in sod. 2014 
Brazilija 314 0 0,00 RTSS Silva in sod. 2014 
Grčija 410 *5 1,22 RTSS Nikoloudaki in sod. 2015 
Kitajska 1365 2 0,15 RTSS Gu in sod. 2015 
Kitajska 1558 1 0,06 RTSS Tian in sod. 2016 
Egipt 605 0 0,00 RTSS Ghobashy in sod. 2017 
Poljska 185 0 0,00 RTSS Olczak in Pawlicka 2017 
Drugi 
 
Japonska 3370 *34 *1,00 IZ Matsumoto 1986 
Izrael 1200 *5 *0,42 KR Libfeld in Rotstein 1989 
Kanada 520 7 1,35 RKR Peikoff in sod. 1996 
Indija 205 0 0,00 RTSS Neelakantan in sod. 2010 
Kitajska 210 0 0,00 RTSS Zhang in sod. 2011 
J. Koreja 821 12 1,46 RTSS Kim in sod. 2012 
Kitajska 979 11 1,12 RTSS Yang in sod. 2013 
Italija 157 2 1,27 RTSS Plotino in sod. 2013 
Iran 125 2 1,60 IZ Rouhani in sod. 2014 
Brazilija 306 0 0,00 RTSS Silva in sod. 2014 
Grčija 402 *5 1,24 RTSS Nikoloudaki in sod. 2015 
Kitajska 1226 15 1,22 RTSS Gu in sod. 2015 
Kitajska 1539 *18 1,17 RTSS Tian in sod. 2016 
Egipt 610 0 0,00 RTSS Ghobashy in sod. 2017 
Poljska 207 0 0,00 RTSS Olczak in Pawlicka 2017 
Tretji 
 
Brazilija 155 *5 *3,23 IZ Guerisoli in sod. 1998 
Severna Amerika 150 *11 *7,33 IZ Sidow in sod. 2000 
Kitajska 130 3 2,31 IZ Zhang in sod. 2018 
N – skupno število preiskanih zgornjih stalnih kočnikov, n – število zob z nadštevilno palatinalno korenino 
oz. število štirikoreninskih zob, če je podatek označen z zvezdico (*), % − delež zob z nadštevilno 
palatinalno korenino v odstotkih oz. delež štirikoreninskih zob, če je podatek označen z zvezdico (*), IZ – 
izpuljeni zobje, KR – klasično dvodimenzionalno rentgensko slikanje, RKR – retrospektivna klinična 
raziskava, RTSS – računalniška tomografija s stožčastim snopom. 
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11.1.2. Anatomske značilnosti in razpoznava zgornjih kočnikov z nadštevilno palatinalno 
korenino 
Zgornji stalni kočniki z nadštevilno palatinalno korenino imajo na palatinalni strani zobne krone 
enega ali več kazalnikov, po katerih jih pri kliničnem pregledu lahko ločimo od istovrstnih zob z 
običajnim številom korenin. Najznačilnejša med temi kazalniki sta zadebelitev meziopalatinalnega 
in/ali distopalatinalnega dela zobne krone ter obsežen skleninski jezik na palatinalni ploskvi, zato 
veljata za diagnostična kazalnika prisotnosti nadštevilne palatinalne korenine (Carlsen in 
Alexandersen, 2000). Iz številnih kliničnih primerov je razvidno, da se je zobna krona drugega 
zgornjega stalnega kočnika z nadštevilno palatinalno korenino širila od bukalne proti palatinalni 
strani (Christie in sod., 1991; Deveaux, 1999; Baratto-Filho in sod., 2002; Fontana in sod., 2012; 
Fakhari in Shokraneh, 2013). Tako obliko zobne krone ima pri običajnem številu korenin lahko le 
prvi zgornji kočnik, pri drugem in tretjem zgornjem kočniku pa se zobna krona proti palatinalni 
strani oži (Ash, 1993). Palatinalna zadebelitev zobne krone je opisana tudi pri drugem zgornjem 
mlečnem kočniku z nadštevilno palatinalno korenino (Schulze, 1987).  
Carlsen in Alexandersen (2000) sta obsežen skleninski jezik na palatinalni ploskvi ugotovila pri 
skoraj 70 % zgornjih stalnih kočnikov z nadštevilno palatinalno korenino, zgornji kočniki z 
običajnim številom korenin pa ga na tem mestu praviloma nimajo. Risnes (1974a) na palatinalni 
ploskvi 1187 ekstrahiranih prvih in drugih zgornjih stalnih kočnikov ni našel nobenega 
skleninskega jezika. Diagnostično vrednost skleninskega jezika nekoliko zmanjšuje dejstvo, da ga 
klinično lahko ugotovimo šele, ko se dlesen umakne apikalno.  
V literaturi so opisani zgornji stalni kočniki z nadštevilno palatinalno korenino in enim ali dvema 
skleninskima biseroma v predelu palatinalnega vhoda v koreninsko razcepišče (Moskow in Canut, 
1990; Christie in sod., 1991; Versiani in sod., 2012; Shojaeian in sod., 2013). Na rentgenskih 
posnetkih zob so bili skleninski biseri vidni kot ostro omejene okrogle radioopačne tvorbe, klinično 
pa bi jih lahko razpoznali le pri kočniku s prizadetim koreninskim razcepiščem. Versiani in sod. 
(2012) so v raziskavi 25 ekstrahiranih drugih zgornjih stalnih kočnikov z nadštevilno palatinalno 
korenino ugotovili skleninski biser pri dveh zobeh (8 %). Palatinalna lega skleninskega bisera ima 
veliko diagnostično vrednost, ker se skleninski biser pri zgornjih kočnikih z običajnim številom 
korenin skoraj brez izjeme razvijejo na aproksimalnih ploskvah (Risnes, 1974b).  
Zobna krona nekaterih zgornjih stalnih kočnikov z nadštevilno palatinalno korenino je imela na 
sredini palatinalne ploskve globoko vzdolžno brazdo, ki je segala tudi na korenino (Benenati, 1985; 
Friedman in sod., 1986; Moskow in Canut, 1990; Barbizam in sod., 2004; Ahmed in Abbott, 2012). 
132 
  
Brazdo s podobnimi lastnostmi imenujemo kronsko-koreninska palatinalna brazda in je razmeroma 
pogosta pri zgornjih stalnih sekalcih, predvsem pri drugem sekalcu.  
Že leta 1915 je Bolk (1915) opisal obstoj dvojnega Carabellijevega vrška v kombinaciji z 
nadštevilno palatinalno korenino pri drugem stalnem zgornjem kočniku. Pozneje sta na prisotnost 
dvojnega Carabellijevega vrška v kombinaciji z nadštevilno palatinalno korenino opozorila tudi 
Benenati (1985) in Schulze (1987). Opisan pa je bil celo obstoj trojnega Carabellijevega vrška v 
kombinaciji z nadštevilno palatinalno korenino na zgornjem stalnem kočniku (Nayak in sod., 
2016). 
 
11.1.3. Razvrstitev zgornjih stalnih kočnikov z nadštevilno palatinalno korenino 
Christie in sod. (1991) so zgornje stalne kočnike z nadštevilno palatinalno korenino razvrstili v tri 
skupine, upoštevajoč potek, dolžino in zraščenost korenin. Pri kočniku tipa I sta palatinalni korenini 
bolj divergentni in daljši od bukalnih korenin, zato so na ortoradialnem periapikalnem posnetku 
apikalni deli vseh štirih korenin dobro vidni. Pri kočniku tipa II sta palatinalni korenini vzporedni 
in približno enako dolgi kakor bukalni korenini, zato se njihove slike na ortoradialnem rentgenskem 
posnetku prekrivajo in lahko dajejo vtis, da ima zob le dve korenini – mezialno in distalno. 
Superpozicijo korenin zmanjšamo z rentgenskim slikanjem z mezialne ali distalne strani. Pri 
kočniku tipa III so redna in nadštevilna palatinalna korenina ter meziobukalna korenina zraščene, 
distobukalna korenina je samostojna. Palatinalna korenina je na rentgenskem posnetku videti 
neobičajno široka. Rentgensko razlikovanje zgornjih kočnikov tipa II in III ni zanesljivo. V 
novejšem času so bile opisane tudi druge kombinacije zraščenja korenin, na primer zraščenje 
meziobukalne in meziopalatinalne korenine (Baratto-Filho in sod., 2002), obeh palatinalnih 
korenin, distopalatinalne in distobukalne korenine ter obeh palatinalnih in distobukalne korenine 
(Carlsen in Alexandersen, 2000). Za zgornji kočnik z zraščeno meziobukalno in meziopalatinalno 
korenino sta avtorja predlagala oznako tip IV (Slika 2). 
Primerjava periapikalnih rentgenskih posnetkov levih in desnih stalnih zob pri 501 pacientu je 
pokazala, da se razlike od običajnega števila korenin pri različnih skupinah zob zelo pogosto 
pojavljajo obojestransko (38‒74 % primerov) (Sabala in sod., 1994). Najverjetneje se tudi 
nadštevilna palatinalna korenina pogosto razvije obojestransko, vendar ne vedno v zrcalno somerni 
obliki. Christie in sod. (1991) omenjajo klinični primer, pri katerem je bil levi drugi zgornji stalni 






Slika 2. Razvrstitev zgornjih stalnih kočnikov z nadštevilno palatinalno korenino prilagojena po 
Christie in sod. (1991): tip I, tip II in tip III, ter po Baratto-Filho in sod. (2002): tip IV. Palatinalni 
korenini sta obarvani sivo. Oznaki strani: m ‒ mezialno, d – distalno. 
 
 
11.1.4. Klinični vidiki zdravljenja zgornjega stalnega kočnika z nadštevilno palatinalno korenino 
Ortoradialni periapikalni posnetek zgornjega kočnika pogosto ne zadošča za razpoznavo obeh 
palatinalnih korenin. Fakhari in Shokraneh (2013) sta opisala klinični primer parodontalno 
prizadetega drugega zgornjega stalnega kočnika, pri katerem so ugotovili, da ima zob dve 
palatinalni korenini šele po odgrnitvi mehkih tkiv med reženjsko operacijo, ker rentgenski prikaz 
korenin ni bil dovolj jasen, pri kliničnem pregledu pa niso bili pozorni na neznačilno oblikovano 
in v palatinalnem delu obsežno zobno krono. Med endodontskim zdravljenjem moramo biti pozorni 
tudi na posebnosti lege vhodov v koreninske kanale v dnu pulpnega prekata (Patel in Patel, 2012; 
Shin in sod., 2007; Jha in sod., 2012). Kadar leži palatinalni vhod mezialno ali distalno od svoje 
običajne središčne lege, moramo iskati še drugi palatinalni kanal (Thews in sod., 1979). Domnevo 
o prisotnosti dveh palatinalnih korenin nam pomagata potrditi ali ovreči ekscentrično periapikalno 
slikanje zoba in računalniška tomografija s stožčastim snopom. 
Prvi opisani klinični primer pripada Sloweyju (1974), ki je endodontsko zdravil drugi zgornji stalni 
kočnik z nadštevilno palatinalno korenino. Tudi v večini kliničnih primerov, ki so sledili, je bil 
endodontsko zdravljen drugi kočnik, kar odraža večanje pogostosti nadštevilne palatinalne 
korenine od prvega do tretjega kočnika, ki pa je najmanjkrat endodontsko zdravljen (Sidow in sod., 
2000). 
Versiani in sod. (2012) so 25 ekstrahiranih drugih zgornjih stalnih kočnikov z nadštevilno 
palatinalno korenino raziskali z mikroračunalniško tomografijo. Vsaka od štirih korenin je pri 19 
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zobeh imela en koreninski kanal, meziobukalna korenina pa v 6 primerih (24 %) dva kanala. 
Pregled literature nam pokaže, da drugega meziobukalnega kanala tudi v večini kliničnih primerov 
niso našli, kar bi lahko pomenilo, da je njegova pogostost pri drugem zgornjem stalnem kočniku z 
nadštevilno palatinalno korenino manjša kakor pri običajni, trikoreninski različici tega zoba, pri 
kateri so ga z mikroračunalniško tomografijo ugotovili v 77,3 % do 90,0 % (Sommain in sod., 
2009; Verma in Love, 2011; Spagnuolo in sod., 2012). 
Fotografije dostopnih preparacij v objavljenih kliničnih primerih kažejo, da je razdalja med 
palatinalnima vhodoma najpogosteje večja od razdalje med bukalnima vhodoma (Stone in Stroner, 
1981; Crosby in Barkhordar, 1986; Friedman in sod., 1986; Christie in sod., 1991; Deveaux, 1999; 
Di Fiore, 1999a; Baratto-Filho in sod., 2002; Alani, 2003; Shin in sod., 2007; Ghoddusi in sod., 
2008; He in sod., 2010), le v posameznih primerih sta bili razdalji približno enaki (Jacobsen in Nii, 
1994; Ulusoy in Görgül, 2007). Zgornje klinično opažanje potrjujejo tudi izsledki raziskav z 
uporabo računalniške tomografije. V raziskavi z mikroračunalniško tomografijo je bila pri 25 
ekstrahiranih drugih zgornjih stalnih kočnikih povprečna razdalja med bukalnima vhodoma 3,48 
mm, med palatinalnima vhodoma 4,43 mm (Versiani in sod., 2012). V drugi raziskavi z 
računalniško tomografijo s stožčastim snopom je bila pri treh prvih in enajstih drugih zgornjih 
stalnih kočnikih povprečna razdalja med bukalnima vhodoma 2,15 mm, med palatinalnima 
vhodoma pa 2,84 mm (Yang in sod., 2013). Zgornje ugotovitve smiselno upoštevamo pri izdelavi 
dostopne preparacije, ki mora biti na palatinalni strani širša kakor pri zgornjem kočniku z običajnim 
številom korenin, zato zajame na grizni ploskvi tudi predel poševnega grebena (crista obliqua), 
njena oblika pa se iz standardne trikotne spremeni v trapezoidno (Slika 3). 
Najmanjši kot, ki so ga med palatinalnima koreninama izmerili na ekstrahiranih zobeh, je bil 5° 
(konvergentni korenini), največji kot pa +45° (močno divergentni korenini) (Carlsen in 
Alexandersen, 2000). Iz posnetkov, narejenih z RTSS, so pri 3 prvih in 11 drugih zgornjih stalnih 
kočnikih izračunali, da sta palatinalni korenini v povprečju oklepali kot 34,6°, bukalni korenini pa 
kot 21,3° (Yang in sod., 2013).  
Palatinalni korenini imata po en koreninski kanal brez apikalne delte, v večini primerov sta korenini 
približno enako dolgi (Versiani in sod., 2012), pogosto pa sta v apikalnem delu ukrivljeni (Carlsen 
in Alexandersen, 2000) (sliki 1G in 1H). Prognoza endodontskega zdravljenja zgornjega kočnika 
z nadštevilno palatinalno korenino je najverjetneje enaka tisti, ki bi jo imelo zdravljenje podobnega 
trikoreninskega zoba (Christie in sod., 1991). Ključnega pomena za uspeh endodontskega 






Slika 3 Oblika dostopne preparacije (sivo polje) pri zgornjem stalnem kočniku z eno (A) in dvema 
(B) palatinalnima koreninama. Z rdečo so vrisani vhodi v koreninske kanale pred instrumentacijo, 
s črno pa po instrumentaciji. S pikčasto rdečo so prikazane črte med vhodi v koreninske kanale na 
dnu pulpnega prekata. Pikčasti premici ponazarjata meziodistalno in bukopalatinalno razpolovnico 
zobne krone. Oznake strani: M – mezialno, D – distalno, B – bukalno, P – palatinalno.  
 
11.1.5. Bolezenski vidiki zgornjega stalnega kočnika z nadštevilno palatinalno korenino 
Pri zgornjem stalnem kočniku z nadštevilno palatinalno korenino je koreninsko deblo navadno 
najkrajše na palatinalni strani, kjer je razmerje med njegovo dolžino (razdalja med skleninsko-
cementno mejo in koreninskim razcepiščem) in dolžino palatinalnih korenin (razdalja med 
skleninsko-cementno mejo in koreninskima konicama) lahko manjše od 1:10 (Carlsen in 
Alexandersen, 2000). Tako majhnega razmerja med dolžino koreninskega debla in pripadajočih 
korenin ne srečamo pri nobeni drugi vrsti stalnega zoba. Pri trikoreninskih prvih in drugih zgornjih 
stalnih kočnikih je to razmerje med 1:2,8 in 1:3,6 (Roussa, 1998). Posledično je pri kočniku z 
nadštevilno palatinalno korenino palatinalno koreninsko razcepišče lahko prizadeto že pri začetni 
parodontalni bolezni. Kirurško podaljševanje klinične krone pri takem zobu je tvegano, ker lahko 
s posegom razgalimo koreninsko razcepišče in tako ustvarimo ugodne anatomske pogoje za razvoj 
parodontalne bolezni (Di Fiore, 1999b). 
Skleninski jezik, skleninski biser in kronsko-koreninska vzdolžna brazda skupaj z drugimi 
vzročnimi dejavniki olajšujejo napredovanje in/ali razvoj parodontalne bolezni. Skleninski jezik in 
skleninski biseri onemogočajo pripoj kolagenskih vlaken in s tem slabijo zobno-gingivalno 
povezavo, kronsko-koreninska brazda pa otežuje odstranitev bakterijskega biofilma, zato je 
dejavnik tveganja za razvoj parodontalne bolezni, kariesa in vnetja zobne pulpe (Shiloah in 
Kopczyk, 1979). Benenati (1985) je opisal primer drugega zgornjega stalnega kočnika z 
nadštevilno palatinalno korenino in parodontalnim žepom vzdolž globoke kronsko-koreninske 
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palatinalne brazde, ki je bila najverjetneje tudi posreden vzrok za razvoj ireverzibilnega vnetja 
zobne pulpe. Podobni klinični primeri so bili že večkrat opisani pri zgornjih stalnih sekalcih z 
globoko kronsko-koreninsko brazdo (Peikoff in Trott, 1977; Meister in sod., 1983; Peikoff in sod., 
1985; Smith in Carroll, 1990; Goon in sod., 1991). Patohistološka preiskava teh zob je pokazala, 
da je imel dentin v dnu omenjene brazde številne kanalčke, ki so lahko prepuščali mikroorganizme 




11.2. Obsežen povzetek 
11.2.1. Cilji 
(i) Zgornji stalni kočniki in drugi zgornji mlečni kočnik imajo lahko poleg treh rednih korenin 
še nadštevilno palatinalno korenino, ki je tudi najpogostejša vrsta nadštevilne korenine pri 
zgornjih kočnikih. V klinični praksi je razpoznava obeh palatinalnih korenin (redne in 
nadštevilne) težavna, ker na ortoradialnem periapikalnem rentgenskem posnetku zaradi 
superpozicije z bukalnima koreninama praviloma nista jasno prikazani. Dosedanje raziskave 
kažejo, da bi lahko na podlagi nekaterih oblikovnih zobnih znakov (t. i. diagnostičnih 
kazalnikov) zobe z nadštevilno palatinalno korenino že pri kliničnem pregledu ločili od zob 
z običajnim številom korenin (Carlsen in Alexandersen, 2000), vendar vse doslej te domneve 
še nihče ni empirično preveril.  
(ii) Pri zobeh z nadštevilno palatinalno korenino sta palatinalni korenini lahko samostojni, lahko 
pa je nadštevilna palatinalna korenina delno ali v celoti zlita z eno ali obema sosednjima 
rednima koreninama. Palatinalni korenini imata po podatkih iz literature vedno po en 
koreninski kanal, večinoma sta približno enako dolgi, pogosto sta divergentni in apikalno 
ukrivljeni (Versiani in sod., 2012). Vendar na podlagi naših dosedanjih kliničnih primerov 
zdravljenja zob z nadštevilno palatinalno korenino in na podlagi nedavne raziskave na zlitih 
koreninah trikoreninskih drugih zgornjih kočnikov (Ordinola-Zapata in sod., 2017) 
predvidevamo, da je morfologija kanalskega sistema zob z nadštevilno palatinalno korenino 
kompleksnejša od opisov Versianija in sod. (2012). 
(iii) Pregled izsledkov dosedanjih epidemioloških raziskav je pokazal, da se nadštevilna 
palatinalna korenina razvije pri manj kot 1 % prvih zgornjih stalnih kočnikov, pri manj kot 
1,5 % drugih zgornjih stalnih in zgornjih drugih mlečnih kočnikov ter pri nekaj odstotkih 
zgornjih modrostnikov (Tabela 1). Naraščanje pogostnosti nadštevilne palatinalne korenine 
od prvega proti tretjemu zgornjemu kočniku se sklada s splošno zakonitostjo, da se oblikovna 
variabilnost v posamezni zobni skupini povečuje v distalni smeri. Čeprav izsledki dosedanjih 
raziskav niso pokazali večjih razlik glede pogostnosti nadštevilne palatinalne korenine med 
prebivalstvenimi skupinami (glej tabelo 1), objektivnih podatkov o pogostnosti in morfološki 
raznovrstnosti zgornjih stalnih kočnikov z nadštevilno palatinalno korenino pri prebivalcih 
Slovenije še nimamo. Tudi podatkov za evropske narode je v literaturi izredno malo.  
(iv) Pravočasna razpoznava nadštevilne palatinalne korenine je ključna za uspešno izvedbo 
ohranitvenih postopkov (endodontsko in parodontalno zdravljenje zoba), pa tudi pri 
ekstrakciji zoba, saj se zaradi spregledane nadštevilne palatinalne korenine posegi zapletejo 
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in otežijo. Endodontsko zdravljenje zob je učinkovito le ob dobrem poznavanju anatomske 
variabilnosti korenin in koreninskih kanalov, kamor spadajo tudi nadštevilne korenine. S 
parodontalnega vidika pomembne anatomske značilnosti zob z nadštevilno palatinalno 
korenino so kratko koreninsko deblo, palatinalni skleninski jezik, kronsko-koreninska 
palatinalna brazda in skleninski biser, ker olajšujejo napredovanje in/ali razvoj parodontalne 
bolezni. Ekstrakcijo zgornjega modrostnika z nadštevilno palatinalno korenino zaradi 
močnejše pričvrščenosti zoba spremlja povečano tveganje za zlom tubera zgornje čeljustnice. 
Cervikalna lega razcepišča palatinalnih korenin je neugodna z vidika kirurškega 
podaljševanja klinične krone. Specialisti za zobne bolezni in endodontijo se v primerjavi s 
splošnimi zobozdravniki pri delu veliko pogosteje srečujemo s primeri zapletene anatomije 
kanalskega sistema korenin, kamor spadajo tudi zobje z NPK. Domnevamo, da je NPK v 





11.2.2. Zasnova raziskav 
 
Izvedli smo tri raziskave: 
(i) Anatomska raziskava na ekstrahiranih stalnih zgornjih kočnikih z nadštevilno palatinalno 
korenino.  
(ii) Retrospektivna klinična raziskava stalnih zgornjih kočnikov z nadštevilno palatinalno 
korenino z uporabo računalniške tomografije s stožčastim snopom. 
(iii) Retrospektivna analiza kliničnih primerov zdravljenja stalnih zgornjih kočnikov z 




11.2.3. Anatomska raziskava na ekstrahiranih stalnih zgornjih kočnikih z nadštevilno palatinalno 
korenino 
 
11.2.3.1. Materiali in metode 
Raziskavo smo izvedli na vzorcu 44 zgornjih stalnih kočnikov z nadštevilno palatinalno korenino 
iz zbirke ekstrahiranih zob na Katedri za zobne bolezni in normalno morfologijo zob Medicinske 
fakultete Univerze v Ljubljani. V vzorcu smo določili 18 drugih in 26 tretjih zgornjih stalnih 
kočnikov ter 28 desnih in 16 levih z stalnih zgornjih kočnikov. Referenčna skupina zgornjih stalnih 
kočnikov z eno palatinalno korenino iz iste zbirke je prav tako obsegala 44 zob, med njimi je bilo 
18 drugih in 26 tretjih zgornjih stalnih kočnikov. Zobje so bili izbrani tako, da so z zobmi z 
nadštevilno palatinalno korenino tvorili v dolžini in obliki korenin morfološko podoben par. Z 
digitalnim kljunastim merilom smo izmerili širino zobne krone med bukalnima in med 
palatinalnima vrškoma. Zunanjo morfologijo smo pregledali pod lupo pri čemer smo zabeležili 
prisotnost že prej opisanih diagnostičnih kazalnikov nadštevilne palatinalne korenine na palatinalni 
ploskvi: dvojni Carabellijev znak, palatinalni skleninski jezik, palatinalno kronsko-koreninsko 
brazdo in skleninski biser na palatinalni ploskvi. Ocenjevali smo tudi druge oblikovne zobne znake, 
ki bi lahko imeli diagnostično vrednost, npr. izrazito vbočenje palatinalnega dela zobne krone, 
skleninske jezike na drugih ploskvah zob, nadštevilne vrške in hipercementozo. Skleninske jezike 
smo po klasifikaciji po Mastersu in Hoskinsu (1964) razvrstili v tri skupine glede na oddaljenost 
od koreninskega razcepišča. Debelim palatinalnim skleninskim jezikom, ki bi bili pri kliničnem 
pregledu lahko razpoznavni, smo dodali posebno oznako. Glede na zunanjo morfologijo korenin 
smo pregledane zobe razvrstili v štiri skupine po Christie in sod. (1991) ter Baratto-Filho in sod. 
(2002). Ugotavljali smo tudi divergenco, dilaceracije, apikalno gracilnost in zraščenost korenin. 
Da bi prikazali klinično relevantnost ugotovitev, smo med diagnostične kazalnike prisotnosti 
nadštevilne palatinalne korenine uvrstili vse tiste oblikovne zobne znake, ki so pogosti, specifični 
in klinično lahko določljivi. Notranjo morfologijo zgornjih stalnih kočnikov z nadštevilno 
palatinalno korenino smo ocenili na podlagi analize posnetkov, ki smo jih pridobili s slikanjem z 
računalniško tomografijo s stožčastim snopom. Na posnetkih smo določili tip kanalskega sistema, 
izmerili razdalje med vhodi v koreninske kanale, divergenco koreninskih kanalov ter izmerili 
primarne in sekundarne kote ukrivljenosti glavnih koreninskih kanalov v meziodistalni in 
bukopalatinalni smeri. Vse posnetke čeljusti smo analizirali s pripadajočo programsko opremo za 
analizo posnetkov. Vse meritve in ocene zunanje in notranje morfologije zob sta neodvisno izvedla 
dva raziskovalca. V primeru razlik v meritvah in ocenah sta dosegla dogovor in dala končno oceno. 
Podatke smo statistično obdelali z opisno statistiko, parnim t-testom, t-testom za neodvisne vzorce, 
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Pearsonovim testom hi-kvadrat, Fisherjevim natančnim testom ali z analizo variance, čemur je v 
primeru statistično značilnih razlik sledil Tukeyjev test. Izračunali smo povprečje korelacijskih 
koeficientov ICC, da bi ocenili ponovljivost meritev, ki sta jih opravila raziskovalca. Razlike smo 
obravnavali kot statistično značilne pri P < 0,05. Rezultate razdalj med vhodi v kanale in 




Krona zgornjih stalnih kočnikov z nadštevilno palatinalno korenino je bila na palatinalno polovici 
statistično značilno širša (10,0 ± 1,24 mm) od širine na bukalni polovici (9,33 ± 1,03 mm). Obratno 
je bilo pri zgornjih stalnih kočnikih z eno palatinalno korenino, pri čemer je bila širina bukalne 
polovice zobne krone (9,44 ± 0,55 mm) statistično značilno širša od širine zobne krone na 
palatinalni polovici (8,72 ± 0,65 mm). Pri pregledu zunanje morfologije smo odkrili šest 
diagnostičnih kazalnikov nadštevilne palatinalne korenine na palatinalnem delu zoba, ki jih nismo 
našli na zgornjih kočnikih z eno palatinalno korenino: zobna krona je palatinalno širša kakor 
bukalno (55,3 %), dvojni Carabellijev znak (23,7 %), izrazito vbočenje palatinalnega dela zobne 
krone (20,5 %), obsežen palatinalni skleninski jezik (16,3 %), palatinalna kronsko-koreninska 
brazda (11,6 %) in skleninski biser na palatinalni ploskvi (2,3 %). Med drugimi in tretjimi kočniki 
ter med desnimi in levimi kočniki v pogostosti diagnostičnih kazalnikov nadštevilne palatinalne 
korenine nismo odkrili statistično značilnih razlik. Izjemi sta bil le statistično značilna večja 
pogostost dvojnega Carabellijevega znaka na desnih kočnikih v primerjavi s pogostostjo na levih 
kočnikih in statistično značilna večja pogostost desnih tretjih kočnikov z nadštevilno palatinalno 
korenino v primerjavi s pogostostjo levih tretjih kočnikov z nadštevilno palatinalno korenino. 
Število diagnostičnih kazalnikov nadštevilne palatinalne korenine, ki smo jih našli na kronah 
stalnih zgornjih kočnikov v nadštevilno palatinalno korenino, je bilo med nič in štiri. Pri 63,4 % 
stalnih zgornjih kočnikov v nadštevilno palatinalno korenino pa smo našli vsaj en diagnostični 
kazalnik, ki je nakazoval prisotnost nadštevilne palatinalne korenine. Palatinalne skleninske jezike 
smo našli pri 93,0 % pregledanih stalnih zgornjih kočnikov z nadštevilno palatinalno korenino. 
Glede na klasifikacijo je imelo 27,9 % zob palatinalni skleninski jezik 1. stopnje, 25,6 % 2. stopnje 
in 39,5 % 3. stopnje. Sedem skleninskih jezikov 3. stopnje je bilo nenavadno obsežnih in bi jih 
lahko diagnosticirali že med kliničnim pregledom. Nasprotno smo pri stalnih zgornjih kočnikih z 
eno palatinalno korenino našli le en (2,3 %) kočnik s palatinalnim skleninskim jezikom, ki je imel 
1. stopnjo izraženosti. Skupina stalnih zgornjih kočnikov z nadštevilno palatinalno korenino je 
imela tudi statistično značilno večji distopalatinalni vršek (hipokonus) v primerjavi z kočniki z eno 
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palatinalno korenino. Povprečje korelacijskih koeficientov ICC pri oceni izraženosti hipokonusa je 
bilo 0,95, kar nakazuje odlično ujemanje meritev, ki sta jih neodvisno opravila raziskovalca. Pri 
dvanajstih (27,3 %) stalnih zgornjih kočnikih z nadštevilno palatinalno korenino nismo opazili 
koreninskega zraščenja; devet kočnikov smo razvrstili v I. skupino in tri v II. skupino po Christie 
in sod. (1991). Pri 32 (72,7 %) stalnih zgornjih kočnikih z nadštevilno palatinalno korenino je bilo 
prisotno zraščenje ene ali več korenin. Zraščenje meziobukalne in meziopalatinalne korenine je 
bilo ugotovljeno v 61,4 % in je bilo statistično pogostejše od drugih tipov zraščanja. Dva kočnika 
smo razvrstili v IV. skupino po Baratto-Filho in sod. (2002), medtem ko preostalih 30 (68,2 %) 
nismo mogli uvrstiti v nobeno izmed štirih skupin po Christie in sod. (1991) ter Baratto-Filho in 
sod. (2002). Analiza koreninskega kanalskega sistema je razkrila kompleksno morfologijo 
koreninskih kanalov, ki je bila pogostejša pri zraščenih koreninah. Pri meritvah krivin koreninskih 
kanalov smo zaznali statistično značilne razlike v med primarnimi, sekundarnimi ter primarnimi in 
sekundarnimi koti. Primarna meziodistalna ukrivljenost meziobukalnega in meziopalatinalnega 
koreninskega kanala je bila statistično značilno večja od bukopalatinalne ukrivljenosti. 
Ukrivljenost meziobukalnega koreninskega kanala pa je bila statistično značilno večja od 
ukrivljenosti preostalih glavnih koreninskih kanalov. Povprečje korelacijskih koeficientov ICC pri 
meritvah ukrivljenosti koreninskih kanalov je bilo 0,97, kar nakazuje odlično ujemanje meritev, ki 
sta jih neodvisno opravila raziskovalca. Palatinalni korenini sta v področju vhoda v povprečju 
oklepali kot 39,3° (SD = 15,7°), v srednji tretjini pa kot 25,5° (SD = 15,7°). Bukalni korenini sta v 
področju vhoda v povprečju oklepali kot 43,5 (SD = 14,4°), v srednji tretjini pa kot 10,9° (SD = 
13,7°). Najmanjši kot, ki smo ga izmerili med palatinalnima koreninama v srednji tretjini, je bil –
9° (konvergentni korenini), največji kot pa +58,5° (močno divergentni korenini). Najmanjši kot, ki 
smo ga izmerili med bukalnima koreninama v srednji tretjini, je bil –12° (konvergentni korenini), 
največji kot pa +55,5° (močno divergentni korenini). Med divergencama bukalnih in palatinalnih 
koreninskih kanalov v zgornji tretjini koreninskega kanala ni bilo statistično značilnih razlik (P > 
0,05). Statistično značilna razlika pa je bila ugotovljena v srednji tretjini (P < 0,05). Razdalja med 
palatinalnima vhodoma v koreninske kanale je bila 4,12 (SD = 1,01) mm za druge in 3,41 (SD = 
1,18) mm za tretje kočnike z nadštevilno palatinalno korenino. Razdalja med bukalnima vhodoma 
v koreninske kanale pa je bila 2,74 (SD = 0,85) mm za druge in 2,20 (SD = 0,50) mm za tretje 
kočnike z nadštevilno palatinalno korenino. Med vhodi v koreninske kanale smo izmerili statistično 
večjo (P < 0,05) razdaljo med palatinalnima vhodoma v primerjavi z vhodoma v bukalna kanala. 
Pri drugih kočnikih je vhod v distobukalni koreninski kanal ležal bolj bukalno glede na vhod v 
meziobukalni kanal, medtem ko sta bila vhoda v bukalna kanala pri tretjih kočnikih v enaki višini. 
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11.2.4. Retrospektivna klinična raziskava stalnih zgornjih kočnikov z nadštevilno palatinalno 
korenino z uporabo računalniške tomografije s stožčastim snopom 
 
11.2.4.1. Materiali in metode 
V drugem delu raziskave smo retrospektivno analizirali posnetke zgornjih čeljusti, ki so bili 
pridobljeni z uporabo računalniške tomografije s stožčastim snopom pri 1173 pacientih. Nobeden 
izmed analiziranih posnetkov ni bil narejen zaradi analize nadštevilne korenine pri zgornjih 
kočnikih. Vse posnetke čeljusti smo analizirali s pripadajočo programsko opremo za analizo 
posnetkov. Stalne zgornje kočnike z nadštevilno palatinalno korenino, ki smo jih odkrili pri 
pregledovanju posnetkov, smo dodatno analizirali glede na diagnostične kazalnike, ki nakazujejo 
prisotnost nadštevilne palatinalne korenine. Določili smo pogostnostne razlike med spoloma, med 
levimi in desnimi zgornjimi kočniki ter med posameznimi vrstami zgornjih stalnih kočnikov. 
Analizirali smo tudi divergence palatinalnih korenin in zraščanje korenin. Podatke smo statistično 
obdelali z opisno statistiko, parnim t-testom, Pearsonovim testom hi-kvadrat, Fisherjevim 
natančnim testom ali z analizo variance, čemur je sledil Tukeyjev test. Razlike smo obravnavali 
kot statistično značilne pri P < 0,05. 
 
11.2.4.2. Rezultati 
Skupno smo analizirali posnetke zgornjih čeljusti, ki pripadajo 1173 pacientom; med njimi je bilo 
565 (48 %) moških in 608 (52 %) žensk. Starost pacientov je bila med 13 in 90 let, v povprečju 
46,1 (14,1) leta. Skupno smo analizirali 4515 zgornjih stalnih kočnikov. Na posnetkih je manjkalo 
34,6 % zgornjih stalnih kočnikov. Zaradi sevanja radioopačnih protetičnih nadgradenj ali zaradi 
lege zunaj slikanega polja nismo uspeli oceniti morfologijo korenin na 91 (2 %) kočnikih. Med 
moškimi in ženskami ni bilo zaznati statistično značilnih razlik v starosti, številu manjkajočih in 
številu analiziranih zob. Pri 5,29 % (62/1173) pacientov smo odkrili vsaj en zgornji kočnik z 
nadštevilno korenino. Pri 3,84 % (45/1173) pacientov smo našli vsaj en stalni zgornji kočnik z 
nadštevilno palatinalno korenino. 1,62 % (19/1173) pacientov pa je imelo vsaj en stalni zgornji 
kočnik z nadštevilno korenino, ki ni bila nadštevilna palatinalna korenina. 60 % pacientov s stalnim 
zgornjim kočnikom z nadštevilno palatinalno korenino je bilo moškega spola in 40 % je bilo žensk; 
razlika ni bila statistično značilna (P > 0,05). Pri 1,28 % (58/4515) stalnih zgornjih kočnikov je 
bila ugotovljena nadštevilna palatinalna korenina. V 53,4 % je bila nadštevilna palatinalna korenina 
odkrita na tretjih kočnikih, v 41,4 % na drugih kočnikih in v 5,2 % na prvih kočnikih. Razlika v 
pogostosti med prvimi, drugimi in tretjimi stalnimi zgornjimi kočniki z nadštevilno palatinalno 
korenino je bila statistično značilna (P < 0,001). Prevalenca stalnih zgornjih kočnikov z nadštevilno 
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palatinalno korenino je bila 0,2 % za prve, 1,3 % za druge in 2,7 % za tretje kočnike. Med levimi 
in desnimi stalnimi zgornjimi kočniki z nadštevilno palatinalno korenino nismo našli statistično 
značilnih razlik v pogostosti (P > 0,05). Izjema je bila le večja prevalenca desnih drugih kočnikov 
v primerjavi z levimi kočniki. Pri 27 % pacientov z zgornjimi kočniki z nadštevilno palatinalno 
korenino smo našli več kot en kočnik z nadštevilno palatinalno korenino. Najpogosteje (v 20 %) je 
bila nadštevilna palatinalna korenina ugotovljena na homolognem kontralateralnem zobu. 
Skleninske bisere smo našli pri 0,91 % stalnih zgornjih kočnikov. Skupaj 41 stalnih zgornjih 
kočnikov s skupno 49 skleninskimi biseri. Skleninske bisere smo odkrili pri 1,26 % pacientih brez 
nadštevilne korenine v zgornjem zobnem loku, medtem ko je bila pogostost skleninskih biserov pri 
pacientih z vsaj eno nadštevilno korenino na stalnih zgornjih kočnikih kar 27,42-odstotna; razlika 
je bila statistično značilna (P < 0,001). Kadar je bil skleninski biser na palatinalnem ali 
intraradikularnem delu palatinalne korenine, je kočnik vedno imel nadštevilno palatinalno 
korenino. Diagnostičnim kazalnikom, ki nakazujejo prisotnost nadštevilne palatinalne korenine, 
smo dodali kazalnik omega oblike zobnega loka. Pogostost diagnostičnih kazalnikov nadštevilne 
palatinalne korenine je bila taka: zobna krona je palatinalno širša kakor bukalno (58,9 %), dvojni 
Carabellijev znak (28,9 %), omega oblika zobnega loka (28,8 %), skleninski biser na palatinalni 
ploskvi (20,7 %), obsežen palatinalni skleninski jezik (17,5 %) in palatinalna kronsko-koreninska 
brazda (12,3 %). Med levimi in desnimi ter med prvimi, drugimi in tretjimi stalnimi zgornjimi 
kočniki z nadštevilno palatinalno korenino nismo našli statistično značilnih razlik glede 
diagnostičnih kazalnikov nadštevilne palatinalne korenine. Zraščenje meziobukalne in 
meziopalatinalne korenine je bilo ugotovljeno v 73,7 % in je bilo statistično pogostejše od drugih 
tipov zraščenja. 6,9 % kočnikov smo razvrstili v I. skupino, 6,9 % v II. skupino in 3,4 % v III. 
skupino po Christie in sod. (1991). 12,1 % kočnikov smo razvrstili v IV. skupino po Baratto-Filho 
in sod. (2002), medtem ko preostalih 70,7 % nismo mogli uvrstiti v nobeno izmed štirih skupin. 
Pri pacientih z nadštevilno palatinalno korenino smo našli statistično značilno (P = 0,01) manj 
enokoreninskih prvih zgornjih ličnikov v primerjavi s pacienti brez nadštevilne palatinalne 




11.2.5. Retrospektivna analiza kliničnih primerov zdravljenja stalnih zgornjih kočnikov z 
nadštevilno palatinalno korenino 
 
11.2.5.1. Materiali in metode 
V tretjem delu raziskave smo analizirali klinične primere zdravljenja zgornjih stalnih kočnikov z 
nadštevilno palatinalno korenino. Po pregledu kartotek pacientov smo od leta 2010 obravnavali 15 
pacientov s skupno 17 stalnimi zgornjimi kočniki z nadštevilno palatinalno korenino. Zbrali smo 
podatke iz kartotek, rentgensko slikovno gradivo (periapikalni rentgenski posnetki, 
ortopantomogrami in posnetki, pridobljeni z uporabo računalniške tomografije s stožčastim 
snopom) in klinično slikovno gradivo. Dodatno so bili pri nekaterih pacientih na voljo mavčni 
odlitki zgornjih zobnih lokov. Zapisali smo nekatere osebne podatke, kot so spol in starost v 
trenutku postavljene diagnoze nadštevilne palatinalne korenine ter potek zdravljenja. Iz 
pridobljenega slikovnega gradiva in zapiskov v kartotekah smo pridobili podatke o prisotnosti 
diagnostičnih kazalnikov nadštevilne palatinalne korenine. 
 
11.2.5.2. Rezultati 
V raziskavo smo vključili 15 pacientov (osem moških in sedem žensk) s povprečno starostjo 45,3 
leta (med 22. in 73. letom). Klinično in rentgensko smo pri 15 pacientih analizirali 17 stalnih 
zgornjih kočnikov z nadštevilno palatinalno korenino (trije prvi, 13 drugih in en tretji kočnik). 
Deset stalnih zgornjih kočnikov z nadštevilno palatinalno korenino je bilo desnih in sedem levih. 
Le v enem primeru ni bilo ugotovljenega nobenega diagnostičnega kazalnika nadštevilne 
palatinalne korenine. Pri preostalih zobeh sta bila večinoma najdena dva diagnostičnega kazalnika 
nadštevilne palatinalne korenine. Pogostost diagnostičnih kazalnikov nadštevilne palatinalne 
korenine je bila taka: zobna krona je palatinalno širša kakor bukalno (82,4 %), izrazito vbočenje 
palatinalnega dela zobne krone (47,1 %), omega oblika zobnega loka (23,5 %), dvojni Carabellijev 
znak (17,6 %), skleninski biser na palatinalni ploskvi (11,8 %), obsežen palatinalni skleninski jezik 
(11,8 %) in palatinalna kronsko-koreninska brazda (5,9 %). Pri dveh pacientih smo našli 
obojestranska stalna zgornja kočnika z nadštevilno palatinalno korenino; pri obeh je imel zobni lok 
omega obliko. Pri nobenem od napotenih pacientov ni bila predhodno postavljena diagnoza 





Pri pregledu 1173 zgornjih čeljusti smo pri 5,29 % pacientov odkrili vsaj en zgornji kočnik z 
nadštevilno korenino. Glede na ta podatek ima v povprečju vsak 19. pacient v zgornjem zobnem 
loku vsaj en kočnik z nadštevilno korenino. Stalni zgornji kočniki z nadštevilno palatinalno 
korenino imajo med nadštevilnimi koreninami v zgornjem zobnem loku najvišjo prevalenco, saj 
smo jih odkrili pri 3,84 % pregledanih pacientov. Če upoštevamo, da je bila povprečna starost 
pacientov 46,1 leta in delež manjkajočih stalnih zgornjih kočnikov 34,6 %, je zelo verjetno 
dejanska prevalenca nadštevilne palatinalne korenine v Slovenski populaciji višja. Žal teh 
pridobljenih podatkov o prevalenci ne moremo primerjati s podatki drugih narodov, saj dosedanje 
raziskave navajajo le podatke o pogostosti pri posameznem zgornjem kočniku (glej tabelo 1). Večja 
pogostost nadštevilne palatinalne korenine v primerjavi z drugimi vrstami nadštevilnih korenin v 
zgornjem zobnem loku se sklada z izsledki dosedanjih raziskav (Ahmed in Abbot, 2012). Tudi 
podatki o pogostosti nadštevilne palatinalne korenine pri prvih (0,2 %), drugih (1,3 %) in tretjih 
(2,7 %) kočnikih so primerljivi s podatki dosedanjih raziskav (Tabela 1). Dosedanje raziskave 
navajajo redkost nadštevilne palatinalne korenine na prvih stalnih zgornjih kočnikih (0,06 %−0,91 
%) (Šutalo, 1985; Neelakantan in sod., 2010; Yang in sod., 2013; Gu in sod., 2015; Tian in sod. 
2016) z večanjem pogostosti pri drugem (1,12 %−1,46 %) (Yang in sod., 2013; Gu in sod., 2015; 
Peikoff in sod., 1996; Kim in sod., 2012; Plotino in sod., 2013) in tretjem stalnem zgornjem 
kočniku (2,31 %) (Zhang in sod., 2018). Primerljivost naših izsledkov o pogostosti s prejšnjimi 
raziskavami potrjuje tudi domnevo, da pojavnost nadštevilne palatinalne korenine najverjetneje ni 
povezana z etničnim poreklom in spolom (Christie in sod., 1991; Yang in sod., 2013).  
Naši podatki o pogostosti nadštevilne palatinalne korenine glede na levo in desno stran zobnega 
loka na prvi pogled ne dajejo jasnega odgovora. Po podatkih iz literature pogostost nadštevilne 
palatinalne korenine ni povezana s stranjo zobnega loka (Christie in sod., 1991; Yang in sod., 
2013). Glede na podatke naše raziskave na ekstrahiranih zobeh in zobeh, ki smo jih našli pri 
pregledu posnetkov zgornjih čeljusti, ni statistično značilne razlike med desno in levo stranjo 
zobnega loka. Ugotovili pa smo statistično značilno več desnih tretjih kočnikov z nadštevilno 
palatinalno korenino na ekstrahiranih zobeh in statistično značilno več desnih drugih kočnikov z 
nadštevilno palatinalno korenino na tridimenzionalnih posnetkih zgornjih čeljusti. Če združimo 
podatke o zobeh, ki smo jih pridobili s prvima dvema raziskavama, postane razlika med desnim in 
levim zobnim lokom statistično značilna; P = 0,012, Pearsonov test hi-kvadrat. Če tem podatkom 
dodamo še klinično odkrite primere nadštevilne palatinalne korenine, je večja pogostost desnih 
stalnih zgornjih kočnikov z nadštevilno palatinalno korenino še očitnejša; P=0.006, Pearsonov test 
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hi-kvadrat. Takšna asimetrija doslej ni bila dokazana pri nobeni nam poznani skupini zob na ljudeh, 
čeprav so po nedavni raziskavi Felsypremila in sod. (2015) ugotovili najnižjo raven simetrije ravno 
na stalnih drugih zgornjih kočnikih. Iz živalskega sveta pa je znano, da je asimetrija leve in desne 
strani možna, čeprav je redka (Ungar, 2010). Med najbolj poznanimi je močno povečan levi 
podočnik pri kitu narvalu (Monodon monoceros) (Ungar, 2010). 
Pri pacientih z nadštevilno palatinalno korenino smo našli statistično značilno manj enokoreninskih 
prvih zgornjih ličnikov v primerjavi s pacienti brez nadštevilne palatinalne korenine. Tako 
povezavo smo prvič ugotovili pri zgornjih zobeh. Opisana pa je povezava med nadštevilno 
korenino radix entomolaris na spodnjih kočnikih in nagnjenjem k povečanju števila korenin na 
spodnjih ličnikih (Kovacs, 1971; Hitij in sod., 2017). Med analizo posnetkov zgornjih čeljusti z 
uporabo računalniške tomografije s stožčastim snopom smo našli tudi en primer pacientke z 
nadštevilno palatinalno korenino in dvojnim zgornjim drugim sekalcem, ki je po podatkih iz 
heteroanamneze značilen tudi za nekatere njene sorodnike. Ti primeri kažejo, da diferenciacijo 
korenin pri različnih skupinah zob v isti čeljusti najverjetneje usmerjajo skupni genski dejavniki. 
To domnevo bi bilo v prihodnosti smiselno raziskati, saj so te povezave tudi klinično pomembne. 
Kakor smo že omenili, je prisotnost dveh palatinalnih korenin povezana s kliničnimi in 
bolezenskimi vidiki. Zato je njuna pravočasna razpoznava ključna za uspešno endodontsko, 
parodontalno in kirurško zdravljenje. Žal pa je rentgenska razpoznava dveh palatinalnih korenin iz 
standardnih dvodimenzionalnih metod slikanja, kot sta periapikalna rentgenska slika in 
ortopantomogram, v klinični praksi težavna. Na rentgenskem posnetku palatinalni korenini zaradi 
superpozicije z bukalnima koreninama praviloma nista jasno prikazani. Dosedanje raziskave 
kažejo, da bi lahko na podlagi nekaterih oblikovnih zobnih znakov zobe z nadštevilno palatinalno 
korenino že pri kliničnem pregledu lahko ločili od zob z običajnim številom korenin (Carlsen in 
Alexandersen, 2000), vendar vse doslej te domneve še nihče ni empirično preveril. Naše raziskave 
potrjujejo domnevo, da je mogoče iz nekaterih diagnostičnih kazalnikov na palatinanem delu zobne 
krone v večini primerov ločiti zgornje stalne kočnike z nadštevilno palatinalno korenino od tistih z 
eno palatinalno korenino. Z našimi raziskavami smo potrdili nekatere doslej znane kazalnike in jim 
dodali nove. Diagnostični kazalniki nadštevilne palatinalne korenine so zobna krona, ki je 
palatinalno širša kakor bukalno, izrazito vbočenje palatinalnega dela zobne krone, dvojni ali trojni 
Carabellijev znak, omega oblika zobnega loka, skleninski biser oziroma bisera na palatinalni 
ploskvi, obsežen palatinalni skleninski jezik in palatinalna kronsko-koreninska brazda.  
Izsledki naših raziskav nakazujejo tudi, da imajo našteti diagnostični kazalniki visoko specifičnost 
za zgornje stalne kočnike z nadštevilno palatinalno korenino. Dokazali smo tudi njihovo 
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uporabnost pri kliničnem delu, saj jih lahko opazimo med kliničnim pregledom in/ali z rentgensko 
analizo zob. Nekatere naštete diagnostične kazalnike nadštevilne palatinalne korenine je bilo lažje 
opaziti na ekstrahiranih zobeh (npr. palatinalni skleninski jezik), druge pri analizi rentgenskih 
posnetkov (npr. skleninski biser na palatinalni ploskvi) in tretje med kliničnim pregledom (npr. 
omega oblika zobnega loka, zobna krona, ki je palatinalno širša kakor bukalno, izrazito vbočenje 
palatinalnega dela zobne krone, dvojni Carabellijev znak in palatinalna kronsko-koreninska 
brazda). 
Najpogostejše diagnostične kazalnike lahko zanesljivo določimo že med samim kliničnim 
pregledom pacienta. Vsaj en kazalnik je obstajal pri 63 % ekstrahiranih kočnikov z nadštevilno 
palatinalno korenino, pri 75 % ekstrahiranih kočnikov z nadštevilno palatinalno korenino, odkritih 
na tridimenzionalnih rentgenskih posnetkih zgornjih čeljusti, in pri 94,1 % kočnikov z nadštevilno 
palatinalno korenino, ki so jih klinično obravnavali. Velike razlike med posameznimi raziskavami 
so posledica slabe ohranjenosti zobnih kron ekstrahiranih zob in težje razpoznave nekaterih 
kazalnikov z rentgenskih posnetkov. Po drugi strani pa je pogostost klinično ugotovljenih 
kazalnikov precenjena, saj obstaja velika verjetnost, da smo stalne zgornje kočnike z nadštevilno 
palatinalno korenino brez diagnostičnih kazalnikov spregledali. 
Morfologija korenin stalnih zgornjih kočnikov z nadštevilno palatinalno korenino je zelo pestra. 
Večina stalnih zgornjih kočnikov z nadštevilno palatinalno korenino ima tri ali štiri korenine. 
Možen razpon števila korenin pa je med ena in šest. Mogoči so vsi tipi koreninskih zraščenj, ki so 
zelo pogosta. Najpogostejše je zaščenje meziobukalne in meziopalatinalne korenine, ki je bilo 
ugotovljeno pri dveh tretjinah primerov in je bilo statistično pogostejše od drugih tipov zraščanja. 
Prav zaradi različnih tipov in različne višine zraščenosti korenin ter različno močno izražene 
divergence palatinalnh korenin več kot dveh tretjin stalnih zgornjih kočnikov z nadštevilno 
palatinalno korenino, ki smo jih pregledali, ni bilo mogoče uvrstiti z obstoječo klasifikacijo po 
Christie in sod. (1991) ter Baratto-Filho in sod. (2002).  
Analiza koreninskega kanalskega sistema je razkrila kompleksno morfologijo koreninskih kanalov, 
ki je bila pogostejša pri zraščenih koreninah. Kar je v nasprotju z izsledki Versianija in sod. (2012). 
Pogosti so bili dodatni koreninski kanali, ki smo jih našli v vseh koreninah. Drugi meziobukalni 
kanal je bil prisoten v polovici primerov, kar potrjuje ugotovitve Versianija in sod. (2012), da se 
pri stalnih zgornjih kočnikih z nadštevilno palatinalno korenino pojavi nekoliko redkeje kakor pri 
kočnikih z eno palatinalno korenino. Koreninski kanali so v dobri polovici primerov močno 




Med vhodi v koreninske kanale smo izmerili statistično večjo razdaljo med palatinalnima vhodoma 
v primerjavi z vhodoma v bukalna kanala, na kar so kazale že dosedanje raziskave (Versiani in 
sod., 2012). Pri drugih kočnikih je vhod v distobukalni koreninski kanal ležal bolj bukalno glede 
na vhod v meziobukalni kanal, medtem ko sta bila vhoda v bukalna kanala pri tretjih kočnikih v 
enaki višini. 
Palatinalni korenini sta na območju vhoda v povprečju oklepali kot 43,5°, v srednji tretjini pa kot 
25,5°. Bukalni korenini sta na območju vhoda v povprečju oklepali kot 39,3°, v srednji tretjini pa 
kot 10,9°. Naši podatki se ujemajo s podatki dosedanjih raziskav, pri katerih sta palatinalni korenini 
v povprečju oklepali kot 34,6°, bukalni korenini pa kot 21,3° (Yang in sod., 2013). Najmanjši kot, 
ki so ga med palatinalnima koreninama izmerili na ekstrahiranih zobeh v srednji tretjini, je bil –9° 
(konvergentni korenini), največji kot pa +58,5° (močno divergentni korenini), kar je se prav tako 
ujema s podatki dosedanjih raziskav, pri katerih je bil najmanjši kot med palatinalnima koreninama 
–5, največji kot pa +45° (Carlsen in Alexandersen, 2000). Med divergencama bukalnih in 
palatinalnih koreninskih kanalov v zgornji tretjini koreninskega kanala ni bilo statistično značilnih 
razlik. Statistično značilna razlika pa je bila ugotovljena v srednji tretjini, saj je bila drugače od 
bukalnih kanalov divergenca med palatinalnima kanaloma izrazita tudi v srednji tretjini. Za 
praktično delo to pomeni, da moramo pri iskanju mezoplatinalnega koreninskega kanala instrument 
nagniti v distobukalni smeri, pri iskanju distopalatinalnega kanala pa v meziobukalni smeri. Ker 
zaradi poteka palatinalnih koreninskih kanalov vhoda v palatinalna koreninska kanala ni treba 
pretirano premikati, bodo endodontski instrumenti ohranili opisano smer tudi po širjenju 
koreninskih kanalov. 
S kliničnega vidika je pravočasna razpoznava nadštevilne palatinalne korenine, pa tudi poznavanje 
morfologije stalnih zgornjih kočnikov z nadštevilno palatinalno korenino ključna za uspešno 
zdravljenje teh zob. Pomembno je tudi razumevanje bolezenskih vidikov kočnikov z nadštevilno 
palatinalno korenino, saj je zaradi morfoloških posebnosti teh zob olajšan razvoj parodontalne 
bolezni, kariesa in bolezni zobne pulpe. Za pravočasno razpoznavo nadštevilne palatinalne 
korenine je potrebna klinična prepoznava diagnostičnih kazalnikov, ki nakazujejo prisotnost dveh 
palatinalnih korenin. Poleg že opisanih diagnostičnih kazalnikov nadštevilne palatinalne korenine 
nam njeno prisotnost razkriva lokalno povečana globina sondiranja, ki je lahko povezana z 
gingivalno recesijo in prizadetostjo razcepišča. Poleg natančnega kliničnega pregleda si pomagamo 
tudi s periapikalnimi rentgenskimi slikami (če je potrebno, lahko naredimo ekscentrične lokalne 
rentgenske posnetke iz več smeri), da potrdimo prisotnost dveh palatinalnih korenin. Po potrebi pa 
nam računalniška tomografija s stožčastim snopom da dokončne odgovore glede zobne 
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morfologije. Zavedati se namreč moramo, da je morfologija stalnih zgornjih kočnikov z 
nadštevilno palatinalno korenino zelo pestra in je z dosedanjimi klasifikacijami večinoma ne 
moremo opisati v več kot dveh tretjinah primerov. Kadar je potrebno endodontsko zdravljenje, 
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